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SEWAGE AND INDUSTRIAL WASTES 
MAXIMUM REMOVAL 


CLEAN GRIT 
NO MECHANISMS 
ie 


Chicago 
_AER-DEGRITTER | 


INDEPENDENT OF FLOW The ‘Chicago’ Aer-Degritter now provides the only 
method of removing grit and sand from sewage with- 
out movable mechanical equipment. Air introduced 
through ‘Chicago’ Swing Diffusers and Precision Dif- 
fuser Tubes controls the velocity of the flow. All sand 
SIMPLE STRUCTURE of 0.2 mm. (65 mesh) and larger is washed and de- 
posited in a hopper at the bottom of the tank. 


LOW COST 


Analysis of grit removed by this system shows less 
than 10% volatile matter and only a negligible trace 
of putrescible organics. Because coarse sewage ma- 
terial will not interfere with the operation of the 
Aer-Degritter and because it does not affect the hy- 
draulic design of the plant, Aer-Degritters may be 
installed ahead of all mechanical equipment. 


‘Chicago’ Aer-Degritters have been operating suc- 
cessfully at Oildale, California; Columbus, Ohio; 
Tomah, Wisconsin; and Bellaire, Texas. Additional 
Aer-Degritters are being installed in Sedalia, Mis- 
souri; Ann Arbor, Michigan; Jasper, Indiana; and 
Fort St. John, B. C., Canada. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


2300 WOLFRAM STREET CHICAGO 18, ILLINOIS 
Plush Kleen, Scru-Peller. Plunger Swing Dit Stati y Ditt 
Horizontal and Vertical Non-Clogs Mechanical A Combinati 

Water Sea) Pumping Units. Samplers. 


AeratorClarifiers, Comminutors. 
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SEWAGE AND INDUSTRIAL WASTES 


: See the flow! 


VISIBLE 


CHLORINE 


BUILDERS CHLORINIZER incorporates a true 
flow indicator — the SIGHTFLO indicator 
which measures ALL chlorine passing 
through the Chlorinizer and shows you the 
ACTUAL rate of chlorine feed on a direct- 
reading linear scale. Flow is indicated 
positively and accurately only when there 
is flow. It’s another important feature of 
Builders Chlorinizer. For engineering in- 
formation and Bulletins, address Builders- 
Providence, Inc. (Division of Builders Iron 
Foundry), 368 Harris Ave., Providence 1, 
Rhode Island. 


BUILDERS PRODUCTS: The Venturi Meter * Propelofio 

and Orifice Meters * Kennison Nozzles ¢ Venturi 

Filter Controllers and Gauges © Conveyoflo Meters 

Type M and Flo-Watch Instruments * eeler Filter 

Bottoms * Master Controllers Chlorinizers — Chlorine 

Gas Feeders * Filter Operating Tables * Manometers 
Chronoflo Telemeters 


ot Gardner, Mass. 


BUILDERS}<@PROVIDENCE 
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WT CHANNEL SE 


GRIDUCTOR INSTALLATION (Size 36), DAYTONA BEACH, FLORIDA 


Combines Coarse and Fine Screening 
Actions with Cutting and Shearing 


ERE’S a better way to reduce the size 

of solids! GRIDUCTOR does it by 
intermittent cutting and shearing without 
excessively increasing the dissolved or- 
ganic content of the sewage. Easily and 
quickly installed in new or existing sewage 
screen channels. Protects treatment plant 
units from fouling and clogging. Delivers 
more readily settleable solids to primary 
clarifier, and larger quantity of sludge to 
digester increasing gas production. Get all 
the facts about this sturdy, efficient equip- 
ment. Send for Bulletin No. 5100. Write 
today .. or, ask our nearest field engineer 
for complete information. 


BETTER WATER CONDITIONING 
AND WASTE "il SINCE 


UFACTURERS OF WATER CONDITIONING AND WASTE Ladarine EQUIPMENT 
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INCE 1929, Memphis has ex- 

panded its Municipal Airport 
from 200 to 850 acres. Passenger 
traffic has increased from 38,000 
in 1938 to 400,000 in 1948. 


The latest development consists 
of (1) a 230 ft. extension of two 
existing 108-in. parallel concrete 
pipe lines and (2) a third 108-in. 
concrete pipe line paralleling the 
entire 760 ft. length of the first two. 


This triple barrel concrete drain- 
age line will carry the flow of 
Hurricane Creek under a new ex- 
tension of the east-west runway. 
The 108-in. reinforced concrete 


pipe is extra strength, manufac- 
tured under ASTM specifications 
C76-41. Walls are 9 in. thick. 


Concrete pipe lines in the 
Memphis Airport's vast drainage 
system now range in size from 6 in. 


(for subdrainage under runways) 
to 108 in. and can handle as much 


as 2 in. of rainfall per hour. 


Concrete pipe storm sewers pro- 
vide economical drainage year 
after year because their first cost 
is moderate, they require little or 
no maintenance and have extra 
long life. This results in depend- 
able Jow-annual-cost service. 


ERICAN CONCRETE PIPE ASSOCIATION 


228 NORTH LA SALLE STREET, CHICAGO 1, ILLINOIS 


x 
CONCRETE PIPE | 
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SEWAGE AND INDUSTRIAL WASTES 


Good reasons why they are your best buy 
FOR EVERY MUNICIPAL INSTALLATION 


SHONE’ PNEUMATIC EJECTORS 


FOR HANDLING CRUDE SEWAGE AND SLUDGE IN SEWAGE LIFT 
STATIONS @ IN SUBWAYS e@ IN MUNICIPAL SEWAGE PLANTS 


These far-sighted communities wanted 
the best, chose Shone Ejectoru for recent 
installations: 

Daytona Beach, Fla. (6) 

Los Angeles, Calif., Hyperion Treatment Plant (2) 
Campus, University of Washington, Seattle (2) 
Chicago, Ill., West Side Subway Extension (22) 
Osceola, Lowa 

Mt. Clemens, Mich 

Freeport, L. L., New York (6) 

Port Washington, L. }., New York (2) 
Moorehead, Minn., Treatment Plant (6) 
Anacostia Treatment Plant, Washington, D. C. 


A few of hundreds of older Shones operat- 
ing as efficiently and dependably as ever: 


Long Beach, Calif. Winona, Minn. 
Ft. Lauderdale, Fla. Brookhaven, Miss. 
Pensacola, Fla. Butler, Mo. 
Silver Springs, Fla. Rolla, Mo. 
Dublin, Ga. Bloomfield, Nebr. 
LaPorte, Ind. Manchester, N. H. 
Warsaw, Ind Auburn, N. Y. 
Cedar Rapids, Ia. Olean, N. Y. 
Davenport. Ia. Roohester, N. Y. 
Sioux City, la. Berea, O. 

Hays, Kans Dayton, 0. 
Salina, Kans Enid, Okla. 
Winnsboro, La. Tulsa, Okla. 
Aberdeen, Md. Providence, R. 1. 
Baltimore, Md. Memphis, Tenn. 
Brighton, Mich. Austin, Tex. 
Detroit, Mich. Dallas, Tex 
Flint, Mich Madison, Wis. 
Pontiac, Mich Milwaukee, Wis. 
Royal Oak, Mich. Neenah, Wix 
Tawas City, Mich. Laramie, Wyo 


Faribault, Minn. 


Vv no wet well 
¥ no noxious fumes or odors 


Vv no danger of explosion 


no screens or shredders -- 
no repulsive cleaning job 


For 75 years, in hundreds of municipal 
installations around the world, Shone 
Pneumatic Ejectors have been a sym- 
bol of utter dependability. 


one may have heard the amazing story of the Shone 
Ejector sealed in its pit for more than 20 years— 
never inspected because it was not listed among 
mechanical equipment; rediscovered when alteration 
work opened the pit-—operating as rhythmically and 
quietly as the day it was installed. 


MINIMUM MAINTENANCE 


Shone Ejectors require no attention. They can be 
operated from distant compressors—and several can 
be operated from a single compressor plant. 


Write for Bulletin 4004—contains Air Volume and 
Pressure Table, sizes, dimensions, air piping lay- 
outs and other comprehensive specifications. 

Use the coupon—for convenience. 


YEOMANS 


YEOMANS BROTHERS COMPANY 
1411 North Dayton Street, Chicago 22, Illinois 
e 


Please send your Bulletin 4004 
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More CRANE VALVES are used than any other make 


{ 
How CRANE controls quality 
to the Micro-Inch 
to cut your valve costs 
Surface finish of a valve’s working parts has a lot to do 
with its wear resistance and operating efficiency. A correct 
finish means a tighter-seating valve, easier operation, 
greater ease of maintenance. In Crane Quality valves, the 
surface finish of machined parts is measured and controlled The lowest cost valves in the long 
to rigid limits, The standards for qua ity control of surface ity-controlled to industry's highest 
finish are determined by the most scientific methods as standards. For a sure remedy for 
shown above. Yes, nothing is overlooked to make Crane high piping costs on steam, water, 
gas and other services, investigate 
Valves the lowest-cost valves in the long run. That's Crane Crane Steel Gate Valves. Contact 
Quality! your Crane Representative. 
CRANE CO., General Offices : 836 S. Michigan Ave., Chicago 5, III. % 


Branches and Wholesalers Serving All Industrial Areas 


VALVES + FITTINGS * PIPE + PLUMBING * HEATING 
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LINE-UP 


SEWAGE AND INDUSTRIAL WASTES 


EFFECTIVE SEPARATION 


| For most effective separation and removal of inorganic solids from liquids, rely on 
Rex Mechanically Cleaned Bar Screens and Rex Grit Collectors. At the Boat Harbor 


Sewage Treatment Plant in Newport News, for example, these efficient units are 


Rex V-Bucket Type Grit Collectors em- 
ploying the Rex Recirculation Process for 
effective grit control at Boat Harbor Plant. 


Rex Type MA Mech ily cl d Bar 
Screens equipped with Rex Triturators 
at Boat Harbor Plant. 


more than meeting the requirements. Two Rex 
type “MA” Bar Screens in channels 3’ wide x 
15’ 6” deep effectively remove large solids. The 
Rex Features ... large bar rack area exposed to 
flow; straight, unobstructed flow; low head loss; 
large reserve capacity; rugged design; low in- 
stallation and operating costs .. . assure maxi- 
mum efficiency. 


Material removed by the bar screens is ground 
to small size by Rex Triturators . . . the only 
screenings grinder that positively cuts material 
to bits by the shearing action of 2,000,000 blade 
cuts per minute. Ground material is returned to 
the liquid flow immediately behind the screen. 


Two Rex V-Bucket Type Grit Collectors effec- 
tively separate and remove inorganic grit from 
the flow. Buckets carry and elevate the grit to a 
hopper which in turn feeds the grit into a cross 
screw conveyor. Conveyor discharges the grit 
into buckets for disposal. An important advan- 
tage of Rex Grit Collectors is their built-in re- 
circulation process which provides effective con- 
trol of grit quality. All grit is returned to the top 
of the incoming average or normal flow at the 
channel entrance. Organic material is thus carried 
out of the channel for further treatment... only 
concentrated grit resettles for disposal. 


Why not obtain these effective advantages for 
your plants? For all the facts, send for your copy 
of Bulletin No. 48-41. Chain Belt Company, 
1606 W. Bruce Street, Milwaukee 4, Wisconsin. 


SANITATION EQUIPMENT 


9 
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SEWAGE PLANT OPERATORS 


For Clarification or Sludge Drying ‘ 


INVESTIGATE THE ADVANTAGES 


inusinc GEWERAL CHEMICAL “ALUM” 


Clarification 


Sludge Drying 


Above photogeph of \ \ \ 
fective Ged Carifice \ 
of turbid wodlg by meen: of . Clean and easy to handle 
\. “Dry feeds well or dissolves readily for ~ 
\ solution feeding 


\ Requires only low-cost feeding equip- 
\ \ ment and minimum attention 


\ Helps sludge digest readily 


“Above: Sledge bed treated with 
: \ sludge drying with minimum odor a 


dewatering 


\ Produces clear, low-color effluents 


chlorine consum in effluent 


conomical to use_ 


Wherever your plant may be—America over—you will find 
BENG CREALIS General Chemical “Alum” is always the same high quality . . . 
always uniform always readily available from coast-to-coast 
producing and shipping points. To you, that means increased 
efficiency, stepped-up economy in your clarification and sludge 
drying operations. So be sure. Get the best; specify General 
Chemical “Alum’—the preferred “Alum.” 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
© OF Albany Arlanta Balamore ¢ Birmingham Boston Bridgeport 
Butialo Cha * Chicago Cleveland Denver ¢ Detrom Houston 
Jacksonville ¢ I Angcles * Minneapolis * New York © Philadelphia 
Pitesburah Providence San Francisco © Seattle Sc. Lous Yakirna (Wash. ) 
In Wisconsin» General Che sl Company, Inc., Milwaukee, Wis 
In Canada: The Nichols Chemical Company, Limited 
Montreal * Toronto * Vancouver 
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SEWAGE AND INDUSTRIAL WASTES 


Pekrul Model 56 Sluice Gate: 
108” x 108” Back Pressure 
Flanged Type 


DENVER, COLORADO 


MANUFACTURERS OF 
PEKRUL GATES FOR: 


Flood Control 
Levees 


Irrigation 
Water Works 
Darns | 


Sewage Disposal 


Reservoirs 


Pumping Plants 
Oil Refineries 
Fish Hatcheries 
Rearing Ponds 
Recreation Pools 
Cooling Towers 
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12 SEWAGE AND INDUSTRIAL WASTES 


| Dresser Couplings join | 


18” line to aeration tanks | 
at Chicago’s West Side 
Sewage Treatment Plant. 


Fourteen years of trouble-free service 
in Chicaygo’s West Side Sewage Treat- 
ment Plant prove the dependability of 
Dresser Couplings for air distribution 
lines. These lines are continuing to give 
excellent service. 


Lasting tightness is assured with 
Dressers. because these flexible joints, 
with their resilient rubber gaskets, harm- 


lessly absorb vibration, expansion and 
contraction. Gaskets are specially com- 
pounded for long life. 

Ideal on raw-sewage, sludge, outfall, 
air, water-supply and inside pipe lines. 
Write today for catalog material. 


Dresser Manufacturing Division, 59 Fisher Avenue, Bradford, Pa. (One of the Dresser 
Industries). In Texas: 1121 Rothwell Street, Houston. In Canada: 629 Adelaide Street. 
W., Toronto. Sales Offices: New York, Philadelphia, Chicago, Houston, San Francisco. 
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SEWAGE AND INDUSTRIAL WASTES 


Aire 
INDUSTRIAL 


WASTES 


Your Problem? 


Let Link-Belt sanitary engineers show you how to 
recover valuable solids, protect public health, re- 
duce stream pollution, and put waste treatment on 
an efficient basis. Link-Belt water and sewage 
treatment equipment is unexcelled in design and Above: Neutralization is accom- 
effective operation. plished by mixing lime with acid 
wastes in the Link-Bellt Flash 
Mixer, which con also be used 
to treat metal piloting wastes or 
wherever a rapid and thorough 
mixing of liquids and chemicals 

is desired. 


Above: To prevent streom pollution, — 
and recover valuable carbon, with ae 


low moisture content, and practically i 5 { 
no hand labor, Link-Belt flight con- 


veyor in a specially designed tonk tA 
gives excellent results. Can also be “wae — 
used for removal of mill scale from : Sek oy 

Above: To separate waste oil and heavy solids from 
refinery waste waters, Link-Belt Straightline oil and 
sludge collectors in specially designed tanks, give high 
efficiency, and conform to A.P.!. recommendations. 


Link-Belt engineers have broad experience 
and a complete line of equipment—-screens, 
sludge collectors, washers, mixers, dryers, 
aerators, power transmission and convey- 
ing machinery, with which to implement their 
recommendations. 

LINK-BELT COMPANY 


Philode!phia 40, Chicago 9, Indianapolis 6, Ationta, Houston 1, 
Minneapolis 5, San Francisco 24, Los Angeles 33, Seattle 4, 
Toronto 8. Offices in Principal Cities 


Above: Many Link-Belt Straightline sludge and 
grease collectors in catch basins at meat pack- 


ing houses have paid their costs several times fy 
in value of grease and solids recovered. ~ ; 
Grease is collected on water surface and a 
solids ore pushed along the floor of tank. H Qs ry 

Solids may be processed for protein animal : 


food and grease recovered by rendering. Sanitary Engineering Equipment 
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For fast, continuous, automatic sludge 
dewatering... CONKEY SLUDGE FILTERS 


Progressive sanitary engineers 


everywhere are finding Conkey 


Sludge Filters the better answer 


to their sludge dewatering prob- 


lems. Superior drainage design, 


improved mechanical construction, 


advance selection of materials of fab- 


rication are combined to assure per- 


formance on the job. 


Custom-designed for the job to be 


done, Conkey Sludge Filters are built 


to handle the dewatering of these var- 


ious types of sludge: primary directly 


handled or digested, or digested and 


elutriated, (activated with the same 


handling, chemical treatment or spe- 


cial process) and trade wastes of widely 


differing physical and chemical 


properties. 


You can put undivided responsi- 


bility for your sludge filter installation 


in the hands of General American. 


Sludge filter stations, complete with 


necessary auxiliary equipment are 


supplied by us. Write for Bulletin 
No. 100, 


Process Equipment Division 
GENERAL AMERICAN 


Transportation Corporation 
Sales Offices: 10 E. 49th St., New York 17, N.Y. 
OFFICES IN ALL PRINCIPAL CITIES General Offices: 135 8. La Salle St., Chicago 90,1. 


Other General American Equipment: 
Turbo-Mixers, Evaporators, Thickeners, 


Dewaterers, Dryers, Towers, 


Tanks, Bins, Pressure Vessels 
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lt takes a TAPEREL 
to successfully handl 
Sewage Sludge 


TAPERED PLUG PREVENTS 
SEAT SEPARATION IN 
NORDSTROM VALVES. 


W An exposed valve seat is subject co rapid 
wear. Grit grinds out the seat. Note how Nordstrom 
valves give full protection to the seat. Being tapered, 
the plug is always positively seated on a film of pro- 
cective lubricant. A quarter turn fully closes or opens 
the valve. The plug can be jacked if ever too tight by 
turning the lubricant screw. 


Kept sealed, automatically 


“*Sealdport’’ lubrication forms an effective leak-resistans; 
seal around each port. Use of Rockwell Hypermatic: 
lubricant automatically lubricates the valve, maintaining 
constant pressure within the valve so that frequent re- 
lubrication is unnecessary. Specify Nordstrom valves 
on all sludge lines, gas, air and water lines. 


Grit cannot intrude. Plug seats on lubricant 
"Sealdport” lubrication seals ports 
Hypermatic automatically lubricates 


ROCKWELL MANUFACTURING CO. 
400 N. Lexington Avenve ¢* Pittsburgh 8, Penna. 


Atlanta, Boston, Chicago, Columbus, Houston, Kansas Cry, los Angeles, 
New York, Pittsburgh, Son Francises, Seattle, Tulsa. 
Also leading supply houses 
Export: Rockwell Mentatving Co., international Division, 7701 Empire 
Stete Building, New York 1, N.Y. 


16 


SEWAGE AND INDUSTRIAL WASTES 


.»+NOW REDESIGNED FOR STILL HIGHER EFFICIENCY 


If you're pumping solids ... not large enough to require regular non-clog slow 
speed sewage pumps... you'll find Economy volute mixed flow pumps the an- 
swer to your problem. Engineered for greater economy in operation, the 
Economy mixed flow volute line, tested and proved in twenty-two years of 
operation, has now been redesigned for still higher efficiency. 


Built to keep pumping longer at lower cost these pumps are equipped with the 
highest duty bearings available, including double row, angular contact thrust 
bearing. Large size pumps also have a self-aligning, spherical roller radial 
bearing. 


Capacities range from 3,000 to 50,000 G.P.M., heads from 10 to 50 ft. For 
complete details, write Dept. AC- 10. 


Centrifugal, axial and mixed fiow pumps for all applications. 


Economy Pumps Inc, 


DIVISION OF HAMILTON-THOMAS CORP., HAMILTON, OHIO 
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Make joints 
WITH Z 


SEWAGE AND INDUSTRIAL WASTES 


KOPPERS 
BITUMASTIC 
JOINT 
COMPOUND 
CPI-2 


c= sewer pipe joints made with Kop- 
pers Bitumastic Joint Compound CPI-2 
are strong and lasting as the pipe itself. 
That's because Bitumastic Joint Compound 
resists the three major enemies of sewer pipe 
joints — raw sewage, root penetration and 
line settlement. 

Bitumastic has a base of specially-proc- 
essed coal-tar pitch and is unaffected by 
sewage solutions and gases or by soil chemi- 
cals. 

The tight seal Bitumastic Joint Compound 
CPI-2 makes between the bell and spigot 


Our bulletin “Down to Stay!” tells you all about the 
advantages of Koppers Bitumastic Joint Compound 
CPI-2 .. . gives full details on applying it-on the 
ground or in the ditch. Write to Koppers Tar Prod- 
ucts Division for your copy; there's no obligation. 


BITUMASTIC sont comPouNn cpi-2 


Wes 


NS 


Here’s the complete story 


prevents root penetration ... both initially 
and after years of service because Bitumastic 
won't disintegrate with age or lose its bond. 

In addition, Bitumastic Joint Compound 
CPI-2 has the right cold-flow characteristics 
to permit normal pipe movement caused by 
settling. 

Specify Koppers Bitumastic Joint Com- 
pound CPI-2 for your next clay sewer pipe 
job. Use Koppers Bitumastic Enamels and 
Protective Coatings to protect your equip- 
ment against all 
forms of corrosion. 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 1043T, Pittsburgh 19, Pa 
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Whew shock strength — or. for that 


matter — without all of the strength factors 
listed opposite — no pipe laid 100 years 
ago in city streets would be in service 
today. But, in spite of the evolution of 
traffic from horse-drawn vehicles to heavy 
trucks and buses—and today’s vast 
complexity of subway and underground 
utility services — cast iron gas and water 
mains, laid over a century ago. are 
serving in the streets of more than 30 
cities in the United States and Canada. 
Such service records prove that cast iron 
pipe combines all the strength factors of 
long life with ample margins of safety. No 
pipe that is provably deficient in any of 
these strength factors should ever be laid 
in city streets. Cast Iron Pipe Research 
Association, Thos. F. Wolfe, Engineer, 
122 So, Michigan Ave.. Chicago 3. 


CAST 


AND 


INDUSTRIAL 


WASTES 


Strength factors of Long Life! 


Neo pipe that is provably deficient in any of these 
strength factors should ever be laid in city streets 


SHOCK 


CRUSHING 
STRENGTH 


BEAM 
STRENGTH 


BURSTING 
STRENGTH 


The toughness of cast iron pipe which enables 
it to withstand impact and traffic shocks, as 
well as the hazards in handling. is demon 
strated by the Impact Test. While under hy«iro- 
static pressure and the heavy blows from a 
50 pound hammer. standard 6inch cast iron 
pipe does not crack until the hammer is 
dropped 6 times on the same spot from pro- 
gressiveiy increased heights of 6 inches 


The ability of cast iron pipe to withstand ex 
ternal loads imposed by heavy Gi] and un 
usvel traffic loads is proved by the Ring 
Compression Test. Standard 6-inch cast iron 
pipe withstands a crushing weight of more 
than 14,000 Ibs. per foot. 


When cast tron pipe is subjected to beam 
stress caused by soil settlement. or disturbance 
of soll by other utilities. or resting on an ob 
struction. tests prove that standard 6-inch cast 
iron pipe in span sustains a load of 
15.000 ibs. 


In full length bursting tests standard 6-inch 
cast iron pipe withstands more than 2500 Ibs. 
per square inch interna! hydrostatic pressure. 
which proves ample ability resist water 
hammer or unusual working p-essures 


+ 
18 
Fe 
: 
| 
ye 
fe 
| 


SEWAGE AND INDUSTRIAL WASTES 


The Journal of the Federation of Sewage Works Associations 


Volume 22 OCTOBER, 1950 Number 10 


Contents 
Sewage Works 


Literature Review on the Oceurrence and Survival of Enteric, Pathogenic, and Rela- 
tive Organisms in Soil, Water, Sewage, and Sludges, and on Vegetation. I. 
Bacterial and Virus Diseases. By Wittem Rvupo.irs, Liuoyp L. Fak, 


Keys to Suecessful Sewerage Services. By Joun M. HepLer 1282 
Air Diffusion With Saran-Wrapped Tubes. By James H. BLopoerr 1290 


Study of the Nitrification Phase of the B.O.D, Test. II. Development of an Ineuba 
tion Vessel for Multiple Determinations. 
METER, AND J. R. GERKE .......... 


Industrial Wastes 
Application of pH Measurement and Control to Industrial Wastes. By W. N. Greer 1302 
Waste Disposal at a Modern Brewery. By RuBEN SCHNEIDER 1307 
Treatment of Phenolic Plasties Wastes. } 1314 
Biological Oxidation of Formaldehyde. By IsalAH GELLMAN AND H. HEUKELEKIAN 1321 
Biological Treatment of Kraft Mill Wastes. By W. A. Moaoio anp H. W. Geno .. 1326 
Treatment of Plating Wastes at Electric Auto-Lite Plant, Lockland, Ohio. By 
ALLEN REED 1338 
Stream Pollution 
Simplified Method for Analysis of B.O.D. Data. By Epwarp W. Moore, Haroip 
A. THOMAS, JR., AND WILLIAM BREWSTER SNOW 
Discussion by C, C. RucHHorT 


The Operator’s Corner 
Safety in One-Man Operation 
Primary Devices and Meters for Waste Flow Measurements. By Howarp O 
The Daily Log, Marion, Indiana. By Davin P. BAcKMEYER 
Sludge Utilization at Greenwich, Conn. By R. J. Kent 
Tips and Quips 

Proceedings of Member Associations 
New England Sewage Works Association 
Central States Sewage Works Association 
Ohio Sewage and Industrial Wastes Treatment Conference 
Pennsylvania Sewage and Industrial Wastes Association 


Member Associations Meetings 


Reviews and Abstracts 


W. H. Wisety, Editor, 325 Illinois Building, Champaign, Illinois 
Hexpert P. ORLAND, Assistant Editor Dr. F. W. MOHLMAN, Advisory Editor 
KaTHLeen E. Fox, Editorial Assistant 


Copyright, 1950, by the Federation of Sewage Works Associations, Inc. Reprints from this publication may be 
made only if permission of the Editor is secured and on condition that the full title of the article, name of the author 
and complete reference are given. The Federation assumes no resp bility for opini or st of facts ex- 
pressed in papers or discussions published in this Journal. 


| 
. 
1297 
: 
; 
| 
eee 13856 
Hire 1357 ; 
2000 
f ‘ koe 
— 
: 
| 
= 


SEWAGE AND INDUSTRIAL WASTES 


High temperature deodorization 


THE C-E RAYMOND 
SYSTEM is the only 
require, 
ible and efficient... FAILS, | 
provides for maxi- | MINNESOTA | ¥ 
WISCONSIN 
“BALTIMORE, WARYLAND | 
COLNE VALLEY, ENGLAND PY, 
BRAZIL v [ 
All inquiries on the C-E Raymond System 
should be directed to the nearest office of The F 
Dorr Company, world sales representatives 
in the Sanitary Engineering Field. 
In semage treatment...there's a Dorr Unit 
for practically every steps in every flowsheet. 
C-E Raymond System at Duluth, Minn. Photo 
laken from operating floor shou ing part of furnace THE DORR COMPANY, ENGINEERS 
BARRY PLACE, STAMPORD, CONN. 
yYORR © ATLANTA © TORONTO 
CHICAGO © DENVER © LOS ANGELES 
RESSARCH AMD TESTING LABORATORIES 
WESTPORT, CONN. 
SUGAR PROCESSING 
3 PETREE & DORR DIVISION, STAMFORD, CONN. 
Dorr Technical Services ond Equipment Are Also 
Associated C 
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Sewage Works 


LITERATURE REVIEW ON THE OCCURRENCE AND 
SURVIVAL OF ENTERIC, PATHOGENIC, AND 
RELATIVE ORGANISMS IN SOIL, WATER, 
SEWAGE, AND SLUDGES, AND ON 
VEGETATION * 


I. Bacterial and Virus Diseases 


By Wittem Rupo.rs, Luoyp L. anv R. A. Racorzki1e 


General Introduction 


The use of human excreta for ferti- 
lizer, ranging from night soil applica- 
tion to irrigation with sewage or pol- 
luted river water, is a world-wide 
practice. Although ‘‘advaneced’’ hy- 
gienie western civilizations deplore 
these night soil practices of the ma- 
jority of the world’s people, the econ- 
omy of such highly populated coun- 
tries as China and India would be 
wrecked without human manure. As 
a matter of fact, the wastage of or- 
ganic and inorganic fertilizer by mod- 
ern municipal sanitary practices, which 
send sewage and sludge to sea, has 
been the subject of many published 
attacks. 

Aside from aesthetic reasons the 
principal objection to soil fertilization 
with human waste products has been 
the potentialities of the transmission 
of human disease and parasitie infee- 
tions through consumption of raw 
vegetables grown on such soil. At- 
tempts to conserve various sewage 
sludges for fertilizer depend to a con- 
siderable extent on the health aspects 
of their use. 

A detailed survey of the available 
literature was made and the informa- 


* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station, Rutgers 
University, New Brunswick, N. J. 
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tion brought together to form a broad 
background for the understanding of 
the problems involved in the sanitary 
aspects of the consumption of raw 
fruits and vegetables. 

The survey has been divided into 
two general parts: (1) a review of the 
viability of the more common intestinal 
pathogenic organisms of a bacterial or 
virus nature, which could cause disease 
by ingestion of contaminated raw 
fruits and vegetables (typhoid, para- 
typhoid, bacillary dysentery, cholera, 
tuberculosis, streptococcal infections; 
also coli-aerogenes group, as well as 
poliomyelitis virus); and (2) micro- 
organisms of animal nature, including 
the causative agents of amebiasis and 
amebic dysentery, hookworm, tape- 
worm, and ascariasis. Although the 
review does not include all intestinal 
human pathogenic or parasitic micro- 
organisms, it is believed that the or- 
ganisms considered represent the most 
common diseases that might be trans- 
mitted through eating raw vegetation 
grown under diverse sanitary and 
farming conditions in most parts of 
the world. 

Usually a literature survey leaves 
the reader with a mass of material dif- 
ficult to assimilate. In an effort to 
facilitate the use of the present survey 
and aid the reader, the main points or 
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conclusions drawn from the survey 


pertaining to each group or sub-group 


In addition, a 
brief general summary of findings deal 


of organisms are given. 


ing with bacterial and virus diseases is 
included 
Salmonella Types 


Salmonella Types in Soil 


Not long after the discovery of the 
organism that causes typhoid fever, at- 
tempts were made to determine its lon 
gevity insoil. Granger and Deschamps 

}0) claimed to have recovered Eber 
thella from after 51% 
Karlinski (45) reported a 
survival of 3 months in natural soil. 
Demster (21), after inoculating sterile 
the 
after 18 days 


typhosa soil 


months 


recovered it 
In a sterile peat, the 
bacillus disappeared in 24 hr. The 
death peat may have 
been due to a higher hydrogen-ion con- 


soil with organism, 


vreater rate in 
certain 
peats if the soil 
itself have a destructive ac 
tion on the bacillus, then the viability 


characteristic of 
Ile considered that 
not 


‘nitration 
does 


is chiefly dependent on the soil mois 
ture 

Martin (58), inoculating sterile vir- 
vin soils with E. typhosa, found they 
lied out rapidly, but in sterilized con 
taminated soils growth oceurred and the 
found alive even after 
As the bacteria were added 
to the soil as a broth culture, it may 


} 


bacteria 


100 davs 


were 


ave been the nutrients of the media 
which sustained the bacteria, not the 
soil itself Robertson 
that when the 


75) also found 
typhosa was added as 


i broth culture to natural soil, the 
survival was 10 months when frequent 
additions of nutrient material were 
made and only 4 months without such 
frequent additions Rullman (80) 
found the organisms 216 days after 
adding a broth culture to sterilized 
soil and 100 days after addition to an 


unsterilized portion of soil 

Firth and Horrocks (25) found that 
typhoid organisms do not multiply or 
but can be washed 


move about in soil 


by water even from closely packed soil 


INDUSTRIAL WASTES 


October, 1950 


It also was found that some of the or- 
ganisms can exist up to 74 days in 
ordinary or polluted soil, depending on 
the soil The survival time 
is reduced to 25 days in dry sand. In 


moisture. 


the surface soil layer the organisms 
were viable after 122-hr. exposure to 
sunlight distributed over a period of 


22 days. Sedgwick and Winslow (87) 
also found that survival in moist soil 
was longer than in dry soil. In the 


latter, 99 per cent of the organisms 
were destroyed in two weeks. 

Levy and Kayser (53) reported the 
longevity of typhoid organisms in 
feces of a privy vault as over 5 months, 
including a 2-week period when the 
feces were used as manure on a garden. 

Smith (91) did not believe that soil, 
because it had at one time been inoe- 
ulated with typhoid organisms, should 
be regarded as a continuing source of 
infection. He concluded that the or- 
ganism can exist for but short periods 
in natural after inoculation 
into sterilized soils. 


soils or 


Galvagne and Calderini (29) found 
the longevity of EF. typhosa to be about 
30 days in a privy vault. If, after 10 
days, the feces were spread upon the 
ground buried in deeper 
layers, the viability was 20 additional 
days on the surface and 40 additional 
days buried 

Melick (60 
survived from 29 to 58 days, depend- 
Survival was extended 
to 74 days in sandy soil (hothouse con- 
the addition of sterile sew- 
Murillo (65) found 


sults in Spain, the organism being vi- 


surface or 


showed that EF. typhosa 
ing on the soil. 


ditions) by 
age similar re- 
able after 30 to 36 days in garden soil 
and 55 days in sterile sand. 
Kligler (47) found that F 
and B. dysenteriae 
feces up to 10 and 8 days, respectively. 


typhosa 
remained alive in 


A somewhat longer survival was found 


in solid than in liquid stools. In septic 


tanks, the typhoid organism could be 
The sur- 
tanks 


isolated after 8 to 15 days. 
vival better in 


with low alkalinity. 


was ‘‘unripe’’ 
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He found that moist, slightly alka- 
line soils were most favorable for the 
survival of E. typhosa. In moist soil 
the survival was up to 80 days, but 
only 20 in dry soil and 10 in acid soils. 
It was also noticed that B. proteus and 
P. fluorescens, organisms frequently 
found in soil, have an antagonistic ef- 
fect on E. typhosa, as well as on B. 
dysenteriae. 

Beard, Carlson, and Chambers (8) 
and Beard (6)(7) found that the wa- 
ter-holding capacity of a soil, the tem- 
perature, rainfall, sunlight, organic 
material in the soil, and the hydrogen- 
ion concentration all have an influence 
on the longevity of the typhoid bacillus. 
The following tabulation shows the 
results obtained (7) for the days of 
survival and per cent death during the 
first 24 hr. of E. typhosa in various 
soils during a wet and dry season. 


% Death Days known 
| Ist 24 br survival 
Soil | | 

Wet Dry Wet | Dry 
Adobe 2% | 4 | 42 |] 21 
Adobe peat | 30 21 
Loam 28 } 45 | 49 | 21 
Sand 70 95 | 8 | 4 


Peat | 99.99) — | 1 2 


Survival was almost tripled during 
a long rainy season. The rapid death 
rate in peat was attributed to a lethal 
pH value. The pH effect did not seem 
important within the range of ordi- 
nary soils. This is in agreement with 
the results of Demster (21) as previ- 
ously mentioned. The death rate was 
also higher by about 36 per cent in the 
first 24 hr. in soils exposed to sun- 
light. Survival was also longer in 
natural soil (85 days) than in soils 
polluted with sewage (45 days) or 
feces (27 days). 

Contrary to Kligler, however, Beard 
found that Proteus vulgaris and Pseu- 
domonas fluorescens had no antagonis- 
tic effect on E. typhosa. 

Beard also found that the typhoid 
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bacillus survived for two years in 
moist soils and one year in feces at 
freezing temperature. 

Pasricha and Paul (70) found, in 
soils of India as far down as 3 ft. be- 
low the surface, phages which were ac- 
tive, in order of decreasing frequency, 
against bacillary dysentery, typhoid, 
and cholera. 

Loots (55) pointed out that the 
South African Department of Agri- 
culture and Forestry suggested that 
disease would not be spread by night 
soil that had been composted for two 
to three weeks at temperatures of 100° 
to 160° F. 

From the results presented, certain 
general conclusions suggested them- 
selves concerning the fate of E. ty- 
phosa in soil. 


1. The viability was variable, having 
been reported ranging from less than 
24 hr. in peat to more than two years 
in freezing moist soils, but generally 
less than 100 days. 

2. The moisture content of the soil 
appeared important, the trend being 
for greater survival in the moister 
soils. 

3. The moisture holding capacity 
was of influence—that is, survival was 
less in sandy soils than in soils of 
higher water-holding capacity. 

4. Colder temperatures increased the 
survival of FE. typhosa. 

5. Longer survival time in soil, as 
compared with feces, had not been 
definitely demonstrated. 

6. The low pH values of peat and 
acid soils were unfavorable to E. 
typhosa. 

7. Sunlight was unfavorable to EF. 
typhosa in soils, but this may have 
been more of a heating and drying ef- 
feet, than of lethal effects of sunlight. 

8. The antagonistic or beneficial ef- 
fects of other microorganisms in soil 
on FE. typhosa had not been conelu- 
sively demonstrated. Greater survival 
of the organism after inoculation into 
sterilized than into unsterilized soil in- 
dicates antagonistic effects. However, 
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1264 SEWAGE 
whether this was due to effects of other 
bacteria or to the predatory action of 
higher forms of life, such as protozoa, 
had not been established 

%. The presence of pollution in soil 
of sewave or feces either 
‘'t or reduced the survival 


Whether this 


pre sence of added or 


id bacteria 


matter 


to the antagonistic ef 
organisms was not 


demonstrated 


Salmonella Types on Vegetation 


The possibility of the spread of ty 
other 


ugh eating 


fever and intestinal dis 


contaminated 
etation has concerned many investi 
gators for several vears 
Kozyn 1s field 


com 


Investigating 


grown vegetables near Moscow, 


monly found intestinal bacteria on the 


plants but could not show the 
ence of typhoid bacteria. It 
noted that the bacteria could not pene 
trate the 


plant 


pres 
was also 
unbroken surface of the 


Remlingen and Nouri (73) also 


no pathogenic organisms enter 


ing the plants Those on the surface 


of plants from sewage irrigation farms 
were only B. anthracis and B. tetanus, 
latter 


the former rare in sewage, the 


harml m ingestion 

Anderson felt, 
hand, that typhoid fever 
in Washington, D. C 


by the use of 


Lumsden and (96) 
on the other 
was possibly 
vegetables 
polluted soil Creel 20 

ki. typhosa could be re 
mm the leaftips of 

ted soil 


ash off the 


rreen 


plants 
Rain did not 
infected ma 
able t 


reanisms were 


days a riod suf 
crowth and use of such 


crops as lettuce and 


lat TV phoid or 


‘ect vegetables grown 


Radishes 


frown in 
ed with typhoid stools were 


found ected with typhoid bacteria 
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{ letober, 1950 


in three experiments after 28 to 37 
days and on lettuce after 21 days. 
must be noted that he 
found positive returns on the 
tables only when the typhoid-stool fer- 
tilizer bolstered by 


organisms from these feces. 


However, it 
vege- 
was agar-grown 

The increase of typhoid in Paris in 
summer had been thought partially 
due to the consumption of raw vege- 
tables grown on a Paris sewage farm 
(2). Thorough washing of vegetables 
to which typhoid bacilli had been ap- 
plied failed to completely remove the 
organisms 

The 


Salmonella pullorum 


outbreaks of 
in hospital pa- 
tients who had no contact with poultry 
led Felsenfield and Young (24 


vestigate the survival of 


observ ation of 


to in- 
Salmonellae 
on raw vegetables, as they may become 
a source of infection if they have be- 
come contaminated with chicken drop- 
They studied the 
species of Salmonella: pullorum, ty- 


pings following 
phimurium, montevide 0, and oranien- 

The studied 
beans, cabbage, 


vegetables 
beets, carrots, 
celery, cucumber, lettuce, onions, green 


burg. were 


rreen 


peppers, green peas, radishes, spinach, 
tomatoes, and turnips. 

They that S 
vived 4 to 8 weeks on vegetables in the 
2 to 
temperature. On 


found pullorum sur- 


icebox 5 weeks 
onions the 
survival was short because of the anti- 
bacterial 
known for 


) and 2 to 
at room 


vegetable, 
The other 
strains survived about two weeks longer 


action, of this 


some time 


than pullorum. The authors coneluded 
that, because of the long survival pe- 
riod, it would be possible for infee- 
tions to occur from consumption of 
vegetables. It must be 
however, that it is not 
field survival that is being dealt with, 
but survival under 
laboratory conditions. 

Mills, Bartlett, and Kessel (61) 
firmed results of previous investigators 
that bacteria did not penetrate the un- 
broken 


contaminated 
pointed out, 
fairly constant 


con- 


skin of fruits and vegetables, 


ar 
: 
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Was ue te } i 
| 
completely ~ 
terial The « 
SUPVIVE it le a 
ficient for the 
- 
radishes 
Melick (60) noted 7 
anisms could _ 
on imnfeectes 
soil fert 
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but could remain on the surface 15 
days or longer under moist conditions. 
Further, they found that normal unin- 
jured fruits and vegetables contained 
no living microorganisms in their tis- 
sue, but bacteria pathogenic to man 
were able to enter injured or decayed 
parts and remain alive for 7 to 42 days. 
Dipping the vegetables in chlorinated 
water or for 10 seconds into boiling 
water was found effective in freeing 
the vegetation from pathogenic bae- 
teria, but not from cysts and eggs of 
higher animal parasites. 

Suzuki (96) found that solutions 
having less than 3 p.p.m. of chlorine 
killed the germs of typhoid in less 
than 15 min., of dysentery in 30 min., 
and of cholera in less than 5 min. On 
vegetables, however, not all typhoid 
bacteria were killed in 40 min. with 
200 p.p.m. of chlorine. This was be- 
lieved due to the inability of the chlo- 
rine to reach the deeper parts of the 
leaves and stems. When curled leaves 
and stems were removed, 20 p.p.m. was 
effective in from 5 to 15 min. It was 
possible that the lower killing 
power of chlorine in the presence of 
vegetables was due to reducing action 
of the organic material. Suzuki con- 
sidered that mass disinfection of vege- 
tation in the food markets of Japan 
would be ineffective. 

In Colorado, where water conserva- 
tion and irrigation are practiced, 
Chapman (16) pointed out a typhoid 
rate considerably higher than the na- 
tional average. He attributed this to 
the absence of laws preventing the sale 
of foods to be eaten raw which had 
been grown under irrigation with con- 
taminated water. In California, he 
pointed out, such irrigation practices 
exist, but laws prevent use of such ir- 
rigated vegetation, thus resulting in a 
lower typhoid rate. 


also 


In 152 samples of Berlin sewage, 
Papenberg (67) found paratyphoid B 
bacteria twice and those of paraty- 
phoid A only once. In comparison 
with the number of coli, proteus, and 
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fluorescens types, this was very small. 
However, the paratyphoid organisms 
were found in the ditches leading to 
irrigation fields of sewage farms and 
from a sewage settling tank, indicat- 
ing a possibility of raw vegetables 
being a source of paratyphoid infec- 
tion. 

McCloskey and Christopher (59) in- 


vestigated the viability of certain 
pathogenic bacteria strawberries 
frozen and stored at — 18° C. On 


sliced sweetened berries so stored, sur- 
vival of E. typhosa was 6 months, 
Salmonella aertrycke and SS. schott- 
muelleri, 1 month, whereas 8. para- 
typhi was not recovered after freezing. 
On the uncut sweetened berries, EF. ty- 
phosa survived for 14 mo. If E. ty- 
phosa was inoculated into sliced sweet- 
ened berries incubated at 4° to 5° C., 
the rate of death was 98 per cent the 
first day and 100 per cent in 8 days. 
At 22° to 27° C., the organism could 
not be recovered after 6 hr. 

The literature presented on the fate 
of typhoid and paratyphoid organisms 
on vegetation has, in general, shown 
the following: 


1. Human pathogenic bacteria can- 
not penetrate the unbroken skin of un- 
damaged fruits and vegetables. How- 
ever, they may be found in damaged 
portions, where they are viable for 
considerable periods. 

2. Crops grown on infected soil con- 
taining typhoid organisms will have 
these organisms present on their leaf 
and other surfaces. The viability of 
these organisms has been noted to 
range from 20 to 40 days, a period suf- 
ficient for some crops normally eaten 
raw to mature and be consumed. 

3. Simple rinsing of raw vegetables, 
and even dippiny in certain antiseptic 
solutions, is not sufficient to remove 
the pathogenic organism from the sur- 
faces. Immersion in boiling water for 
a short period appears more effective. 

4. Indirect evidence from various 
parts of the world would indicate that 
raw fruits and vegetables grown in 
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contaminated soil or irrigated with 
a source of increased or above 
normal typhoid 


Typ! na 


very cold storage on 


may be 
incidence 
organisnis may 


foods for some 


6. Laboratory tests on the survival 


of Salmonella on vegetable surfaces 


naicate 


to 10 


these organisms can survive 7 
weeks at room temperature and 
cebox temperature 


tion deposited during harvest or han 


Thus, contamina 


dling by infected carriers may be car 


ried to the consumer 


Salmons lla 


The 


pat hogenic 


Wate 


Tupe Soin 


literature on the survival of 
and parasitic organisms in 


water with varying degrees of pollu 


tion, as well as in sewage and sewage 
sludges, is of interest beeause of the 
close relation to polluted soil, feces, 
and night soil 


Jordan, Russell, and Zeit 44) 


among the 


were 
first to study the viability 
They 


survival time of the or 


of the typhoid bacillus in water. 
found that the 
ranism Was an inverse relation to the 
degree of For exam 
ple in sterile tap water the organisms 


ved for 15 to 25 days, but only 4 


contamination 


» 7 days in unsterilized tap water 


In raw river water th 


period of sur 


was only 1 to 4 days; in raw 


iinage canal water the survival was 
2 days 
(in tl other hand, Wheeler (101 
und opposite results The maxi 
mum survival time was given in vari 
is ty] f water according to the 
lowing tabl 
M ~ lays 
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Here, the greater the pollution, or 
presence of material, the 
In the dark, tem- 
peratures about 20° C. were more fa- 
vorable than 10° to 12° or 37° C. The 
light apparently was also 
beneficial to the viability of the ty- 


dissolved 


longer the survival. 


absene » of 


phoid organism. 

Whipple and Mayer (102 
the effect of the 
and of its absence on the longevity of 


studied 
presence of oxygen 
the typhoid bacillus in sterile tap wa- 
ter. At 20° C 


of oxygen, the longevity was 50 days; 


under an atmosphere 
under an atmosphere of 
only 4 to & days 
Hinds (38) found 
rate of the typhoid 


hydrogen, 


death 
was 


that the 
organisms 
higher under nitrogen and hydrogen 
than under an atmosphere of oxygen. 
The 
creasing temperature (8° to 20° C 
Fehrs (28) found that £. 
would live 7 days in unsterilized tap 
46 days after inoculation into 


death rate also increased with in- 
typhosa 


water, 
that same water after sterilization, and 
only 13 days in the same sterile water 
when flagellated protozoa were also in- 
troduced. 
Russell and Fuller (81), following 
up work by Jordan, Russell and Zeit 
44), found that FE. typhosa survived 
in pure surface water for 8 to 10 days, 
When 
with 
tvphoid bacteria and kept in collodion- 


and only 3 to 5 days in sewage 
raw surface water was seeded 
like sacs immersed in flowing sewage, 
was 10 to 14 davs His re- 
would that direct 
tact with sewage organisms was more 

of the ty- 
phoid organism than contaet with the 
diffusible 


ganisms or 


survival 


sults indicate con- 


detrimental to the vitality 
f sewage or- 
soluble 


normally found in sewage 


by products 


those compounds 
Other fae- 
tors, not mentioned, may have been in- 
fluential, such as changes of pH on 
the storage of the sewage and the pred- 
atory factors of protozoa in sewage. 
In stream purification studies, Rue- 
that typhoid and 


colon bacilli disappeared about 5 or 6 


diger 79 found 
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times more rapidly from polluted river 
water in summer than in winter when 
the river was covered with ice and 
snow. He considered the sun's rays of 
importance, but even more so was the 
increase in summer of microscopic 
plants, protozoa, and saprophytic bae- 
teria. 

In the same year, Frankland (28) 
showed that typhoid organisms sur- 
vived longer in sterilized polluted sur- 
face waters (20 to 51 days) than in 
unsterilized surface waters (9 to 13 
days 

Houston (41) found that the pre- 
vious history of the typhoid organism 
influenced its viability in river water. 
Freshly isolated organisms were viable 
for 1 to 3 weeks, whereas those which 
had been cultured for some time were 
viable for 1 to 8 weeks. He also found 
that the viability in river water of eul- 
tured organisms decreased witn lower 
temperature as follows: 


lemperature (° ¢ Viability (weeks) 
0 9 
5 
10 5 
18 4 
27 3 
37 2 


The greatest reduction, however, was 
during the first week in all cases. 

Flu (27) found that the viability of 
typhoid organisms in large reservoirs 
exposed to the sun (Dutch East In- 
dies) was 7 to & days. 

Cohen (17) studied the tolerance of 
FE. typhosa and Escherichia coli to hy- 
drogen-ion concentrations. The for- 
mer exhibited greatest tolerance within 
the zone pH 5.0 to 6.4. An inerease of 
acidity beyond this zone resulted in 
rapid mortality. For Esch. coli the 
zone was wider and centered about 
neutrality. He also investigated the 
effect of disinfectants and found that 
for both organisms the mortality fol- 
lowed logarithmic declines. The rela- 
tive resistance of Esch. coli to E. ty- 
phosa decreased with temperature rises 
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from 0° to 10° to 20° to 30° C. in the 
ratio of 67 to 51 to 18 to 8. 

Scott and McClure (86), who inves- 
tigated higher pH values, found that 
the colon-typhoid group of bacteria 
were destroyed in media of high pH, 
the limiting value being about 9.5. 

Arnold (4) investigated the pres- 
ence of phages in Chicago River wa- 
ters. The phages concentration is in 
direct proportion to the concentration 
of domestic sewage. He coneluded that 
such phages-sensitive organisms as 
those of typhoid and dysentery would 
be less liable to cause epidemics in wa- 
ter containing the phage than the same 
number of bacteria in phage-free 
waters. 

Wibaut and Moens (103) found that 
E. typhosa disappeared from tap, rain, 
and swimming pool water in 7 to 10 
days and corresponded with increases 
of certain bacteria-eating protozoa. 
However, in ground water the survival 
was four weeks, in presence of the same 
protozoa, and a few days longer in ab- 
sence of the protozoa. 

Ballantyne (5), who compared the 
survival of E. typhosa, Esch. coli, M. 
tuberculosis, and Strep. hemolyticus in 
distilled water and in 0.85 per cent 
sodium chloride solution, found sur- 
vival longer in the first. FE. typhosa 
survived 5 times as long at room tem- 
perature as at 37° C. He coneluded 
that low temperature, a minimum of 
nutrients and a minimum or absence 
of sodium chloride, and a high bae- 
terial concentration favor bacterial 
survival, but not growth. 

Kyriasides (51) found that typhoid 
and cholera organisms disappeared in 
4 to 6 days after inoculation into un- 
sterilized tap and River Spree water 
and after 13 to 16 days in well water. 
After sterilization survival was longer, 
but was significantly reduced to about 
2 days when protozoa were also added 
to the sterilized tap and river waters. 

Beard and Meadoweroft (9) indi- 
cated the possibility that FE. typhosa 
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and Esch. coli survived for at least a 
month in sea water. 

Hoskins (40) reported on the bae- 
terial purification rates of polluted wa 
His ex 
periments indicated that the total bac 


terial count decreased in rivers due to 


ter in experimental channels. 


bacteria-eating plankton 

Rubentschik, Roison, and Bieljansky 
77) found that the ground sediments 
of salt lakes adsorbed bacteria, which 
may survive 40 to 80 days in this ad 
sorbent mud 

Ruys (82) showed that typhoid bae 
teria were killed in canal water at 24 
C. in 6 days, but were still viable after 


b day il 


tap water at the same tem 
perature 
that EF 


to survive longer in clean water 


Beard (6) found 
tended 


and that the survival in salt water (32 


typhosa 


days) was similar to that in fresh wa- 
ter. Ice was found favorable for pres 
ervation of E typhosa 


Recent work has been published by 


Wattie and Chambers (100), Butter 
field, Wattie, Megregian, and Cham 
bers (18 Wattie and Butterfield 


99), and Butterfield and Wattie (12) 
on the effects of excess lime treatment 
of water and free chlorine and chlora 
mine on coliform and enterie patho 

ens, Treating water with excess lime, 
they found that complete kill of patho 
vens was not obtained after 6-hr. con 
tact below pH 10.5. Of the pathogens 
studied, ineluding Esch. coli, A 


and Shigella strains, E. 


aerogd 
enes, 


typhosa 


most resistant However, 


omplete kill of pathogens was ob 


tained at room temperature at a pH of 
11.0 to 11.5 in 2 hr. and at pH 10.5 to 
11.0 in 4 hr 
obtained 


nonpathogens ; the 


\ higher death rate was 
than 


death rate also was 


with pathogens with 


lowered with lowered temperature 


Observations were made 


vival of Esch. coli, Ps 


> on 
strains of Nhiagella dus 


on the sur 


pyocyanea, E 


enterae when 
The time of 


were the 


exposed to chlorine 
exposure and concentra 
tions 


primary factors influ 
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encing the extent of kill with free chlo- 


rine. Higher hydrogen-ion econcentra- 


tions (studied pi 7.0. 8.5, 9.8, and 
10.7) and higher temperatures (20° to 
25° C. compared with 2° to 5° C.) in- 


creased the bactericidal efficiency of 
free chlorine 

FE. typhosa was found more resistant 
than Esch. coli at pH 6.5 and 7.0, but 
the latter was more resistant above 8.5. 
At pIl 7.8 the coli strains were more 
resistant when free chlorine was in ex- 
Wattie and Butter- 
this 
in sensitivity to be due to dif 
ferences in the permeability of the cap- 
sular material of each organism to free 
chlorine at the different pH values 
studied. Only slight differences in the 
sensitivity of 


of 0.03 p 
field (99 


considered **change- 


over 


those two organisms to- 
ward chloramine were noted. 
The difference in the bactericidal ae- 


tion of free chlorine and chloramine 
was also studied For Esch coli, to 


obtain 100 per cent kill at normal pH 
in the about 
much chloramine was required 


same time 1) times as 
For 
FE. typhosa, this ratio was about 25 to 1, 

The action of chloramine was simi- 
lar to that of chlorine in that the effi- 
ciency of chloramine depended on the 
concentration and exposure time. Its 
efficiency deereased with lower hydro 
and 
reduction of 


gen-ion concentration tempera 
ture. <A temperature 
from 20° to 25° to 2° to 6° C.) re- 
quired 9 times the exposure period and 
2.5 times as much chloramine to pro- 
duce 100 per cent kill. 


however, were less efficient bactericidal 


Chloramines, 

agents than free chlorine 

Salmonella Type sin Ne wade and 
Sludae 


related to the survival of 
typhoid organisms in water is their vi- 
Also the 


certain 


Closely 
ability in use, for 
sludges 

meth- 
ods has stimulated interest in the pos- 


sewage 
fertilizing, of organic 
from various sewage treatment 
sibility of transmission of disease by 


such sludge uses 
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The behavior of typhoid organisms 
inoculated into septic tanks in Batavia 
by Flu (26) was such that the organ- 
ism was not recovered after 4 to 7 days. 
Courmont ef al. (18) invariably found 
members of the typhoid-paratyphoid 
group present in activated sludge efflu- 
ents after 6-hr. aeration. 

Wolman (109) found that EF. ty- 
phosa could survive anaerobic sludge 
digestion up to 7 days. 

Gray (31) reported 7 isolations of 
the paratyphoid organisms from 20 
samples of Edinburgh sewage. All iso- 
lations were from a district which had 
suffered an outbreak of the disease two 
years previously. More than a year 
later, Begbie and Gibson (10) reported 
7 isolations of the organisms from 58 
samples of Edinburgh sewage. 

Rochaix (76) noted that the organ- 
isms of typhoid, paratyphoid, and chol- 
era increased their survival from a 
range of a few hours to 11 days in un- 
sterilized domestic sewage to as much 
as 20 months after inoculation into 
sterile sewage. Wilson Blair 
(106) concluded that the typhoid ba- 
cillus could survive more than 5 weeks 
in sewage at room temperature in the 
light (British Isles). On the other 
hand, Stewart and Chosal (94) found 
them to have disappeared from sewage 
and feces within one week (India). 

Bruns and Sierp (11), using a sew- 
age containing 450,000 typhoid organ- 
isms per milliliter, found the organ- 
isms reduced 96 per cent after 12-hr. 
treatment with activated sludge. The 
greatest effect was obtained in the first 
6 hr., most of the organisms having 
been transferred from the liquid to the 
sludge phase. Similar reductions were 
found with paratyphoid, bacillary dys- 
entery, and cholera organisms. <An- 
thrax spores were found to be more re- 
sistant. It was suggested that the 
plankton present in the sludge were 
important in the reduction of the path- 
ogenic organisms. 

Pesch and Sauerborn (71) reported 
a 50 per cent reduction of paratyphoid 
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B organisms after 1 hr. in activated 
sludge; no further reduction was noted 
until the second day. Bruns and Sierp 
(11) noted that the pathogenic organ- 
ism was still found in considerable 
numbers in the sludge even after pro- 
longed aeration. Stewart and Chosal 
(93), however, found a 99 per cent re- 
duction of the typhoid and _ paraty- 
phoid bacilli after 6-hr. treatment of 
sewage with activated sludge. Ed- 
wards (22) reduced by 96 to 98 per 
cent the typhoid, paratyphoid, and 
cholera bacteria inoculated into sewage 
treated with 15 per cent activated 
sludge and aerated for 14 hr. About 
0 per cent of anthrax spores were re- 
covered after 6-hr. aeration. 

Ruchhoft (78) found 14 per cent of 
E. typhosa survived 5.5-hr. aeration in 
activated sludge. The survival of the 
organism in the stored sludge was 
about 80 days at 50° to 60° C, and 13 
to 14 days at 68° to 72° F. The ratio 
of E. typhosa to members of the coli- 
aerogenes group was found to be 1 to 
7,700 in the activated sludge of the 
Chicago North Side treatment works. 
On the basis of his results, Ruchhoft 
recommended that caution be observed 
when using wet activated sludge as a 
fertilizer in truck gardens. No reecom- 
mendations on the use of the dry 
sludge were made. 

Hajna (33) found 6 samples positive 
for E. typhosa out of 22 samples tested 
from 5 plants. In the raw sludge, 3 
out of 7 samples from 2 plants showed 
positive results. Plant effluents and 
digester effluents showed no positive re- 
sults out of the 9 and 3 samples, re- 
spectively. 

Heukelekian and Schulhoff (36) 
studied the survival of EF. typhosa in 
surface waters and sewage. They con- 
cluded that the death rate in polluted 
water and sewage was rapid, being 99 
per cent in 6 to 10 days. The rate of 
decrease was greater at 22° C. and 37° 
C. than at 2° C. In polluted river wa- 
ter and in sewage, the survival was 12 
and 17 days, respectively, at 2° C., 2 
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and 3 days at 22° C., and 1 day in both 


Under favorable tempera 


at 
ture conditions and in the presence of 
food supply, E. 


could multiply ; but 


an available typhosa 
survival was not 
prolonged AS the subsequent decline 


When 


f such organic material 


was proportionately greater. 
sinall amounts « 
as feces, urine, sewage, and broth, or 
over from broth eul 
tures, were added to unpolluted water, 


they onstituted 


material carri 


a food supply result- 
ing in actual multiplication when EF 

the extent of 
multiplication depending on the amount 


typhosa was introduced. 


of food present 

survival 
non-polluted waters 
Competition for food by other bacteria 


In polluted waters was 


shorter than in 
consid 


and attack by were 


this 


pre toz0a 


ered pr »bable causes of shorter 
val 
Under conditions EB. ty 
sa and Esch. coli did not affect each 
llowever, the survival of E 
typhosa was reduced in the presence of 


I addition of Esch 


starvation 


food material 


Coll 


upon 


The destruction of 2. typhosa in par 
tially chlorinated was similar 
the normal flora 

cent of the chlorine de 


be satisfied 


seware 
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typhosa after 10 

eontact 
himomura (89), in studies in For 
found the survival of EF. typhosa 
winter (26 
days It 


was longer in 
in summer (7 
ted that Esch 


the typhoid organism 
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the organism survived at least 19 days 
in stored raw sewage at room tempera- 
ture, the time 


days when stored outdoors at a lower 


increasing to at least 27 


temperature. In activated sludge, re- 


duction in the liquid was 91 to 99 per 


cent after 6-hr. aeration and 99.9 per 
in 24 hr. If the activated sludge 
was partially sterilized at 80° to 95 
C. for 20 min. (to kill protozoa and 
bacteria), the ty- 
phoid organisms increased for the first 


cent 


nonsporeforming 


3 days and then very rapidly decreased 
so that after 4 days there was little 
difference from the untreated control, 
which had shown a 1 per cent survival 
of EF. typhosa after the first 6 hr. of 
aeration. Thus, it was concluded that 
biological activity, and not aeration, 
was responsible for the reduction. 
Mom and Schaeffer (62) and Schaef- 
fer (84)(85) investigated the oceur- 
rence of the typhoid organism in sew- 
two Netherland East Indies 
They concluded that the 
typhoid bacteria from 
human and urine. An 80 per 
cent reduction was noted in an Imhoff 
tank, which was attributed to the par- 
tial removal of the bacteria from the 
liquid phase by the settling of coarser 


age of 
communities 
present were 


feces 


and the flocculating of finer particles 
The pathogen was found in the sludge 
after 1l-month 
sludge dried on sand beds 

Stokes, Jones, and Miles (95) found 
that paratyphoid B bacteria could be 
isolated intermittently for 41 
from 0.1 g. of 
taining an 
000.000 


digestion, but not in 


days 


dry ing sludge con- 


inoculation of 25,- 
milliliter of 


EK typhosa eould be recovered 


initial 
organisms per 
sludge 
after 180 days, when the moisture had 
reached 14 per cent. The initial con- 
7,500,000 per milliliter 


of sludge The 


centration was 
organisms eould also 
be isolated throughout a 45-day anaer- 
obie digestion period, the decrease in 
the yield of 
leling that of the total flora 

In 33 


sludge from various sewage treatment 


typhoid organisms paral- 


samples of partially dried 
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plants, no typhoid organisms were iso- 
lated, even though the disease had oe- 
curred in some districts during recent 
previous years. 

These authors further reported: 


‘‘So far as is known there is no ree- 
ord either in this country (England) 
or in America of an outbreak of seri- 
ous intestinal infection which could be 
attributed definitely to the handling of 
sewage sludge or from the consumption 
of crops grown on land fertilized by 
sludge. Although the present work 
has shown that pathogenic bacteria ini- 
tially present in extremely large num- 
bers do survive both drying and diges- 
tion, the risk of such bacteria surviv- 
ing in sludge from sewage containing 
comparatively small numbers of the 
bacteria would be small. Nevertheless 
it is a sound precaution to avoid using 
sewage sludge on salad and other crops 
which are eaten raw.”’ 


Wilson (105) pointed out that ‘since 
in well nigh 100 years of practice in 
Europe no outbreak of disease has 
been definitely traced to the use of 
sewage sludge. as fertilizer, the risks 
cannot be great.”’ 


Summary of Literature on Salmonella 
Types 
In summary, the literature on the vi- 
ability of Eberthella typhosa in soil, 
water, sewage, sewage sludges, and 
feces, and on vegetation brings out the 
following: 


1. The survival of the organism has 
been reported by numerous investiga- 
tors with considerable variation as to 
results. Among the factors influenc- 
ing the survival are: 


a. Method of isolating, identify- 
ing, and enumerating FE. ty- 
phosa. 

b. Initial number of EF. typhosa 

present. 

Temperature. 


d. Hydrogen-ion concentration as 
well as the concentration of in- 
organic salts. 

e. Moisture content of soil and 
sludges. 

f. The presence of organic ma- 
terial in the substrate and its 
usefulness to E. typhosa. 

g. The antagonistic predatory and 
beneficial effects of other micro- 
organisms. 


2. The initial number of EZ. typhosa 
present appeared to have influenced 
the time required to free a particular 
substrate from the organism.  Al- 
though some data on the death rate of 
typhoid in sewage and water are avail- 
able, the natural death rate of E. ty- 
phosa in soil, night soil, and feces un- 
der varying natural conditions has not 
been extensively studied. 

3. As a general rule, it seems that 
the survival of £. typhosa (and also of 
several other pathogenic and nonpath- 
ogenic bacteria) is lengthened by low- 
ering the temperature. This has been 
shown to hold in soil, water, sewage, 
and sludge and for the bactericidal 
activity of certain disinfectants. 

4. The viability of E. typhosa is af- 
fected by the hydrogen-ion concentra- 
tion of the substrate. The optimum 
pH value apparently lies somewhere 
between 6 and 8, although 5 to 10 may 
be tolerated for a time if other condi- 
tions are favorable. Beyond these 
values, the organism is definitely in an 
unfavorable environment and is usu- 
ally killed in a few hours. The effect 
of various concentrations of inorganic 
salts is obscure. Lower salt concentra- 
tions appear unfavorable, but, on the 
other hand, FE. typhosa has been shown 
to be viable in sea water for at least 
a month under certain conditions. 

5. One of the most important fac- 
tors affecting the survival of the or- 
ganism in soil and sludges is the mois- 
ture content. Increased moisture is 
apparently favorable for the survival 
of typhosa. 
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6. The other organic 
matter must, of course, be reflected in 
its effect on E. typhosa. In earlier 
the was added 
to soil as a broth culture, the presence 


presence of 


work, when organism 


of such nutrients must have influenced 
the survival of the bacillus. One must 
also consider whether the organic mat 
ter can be utilized as an energy source 
for the bacterium as well as the effect 
of other microorganisms on the organic 
Lleukelekian Schulhoff 


16), as pointed out before, showed 


matter and 


that small amounts of feces, urine, sew- 
ave, and culture broth in unpolluted 
permit EF 


water may typhosa to in 


erease 


7. The presence of organic matter 


may, on the other hand, favor the 
vrowth of microorganisms having an 
antagonistic effect on typhosa 
Many investigators have found that 


typhoid organisms survive for consid 
erably longer periods after inoculation 
into sterile soil, water, sewage, sludge, 
and feces than into the same substrate 
unsterilized. It has also been shown 
that the presence of protozoa in water 
and sewage increases the death rate of 
BR typhosa ; the rapidity with which 
removes the organism 
The 


bacteria 


activated sludge 
of sewage is similarly indicative 
effect of other 
has not been thoroughly investigated 


antagonistic 


Coli-Aerogenes Group 


Although Escherichia coli is not an 
organism pathogenic in nature, its uni 


rsal presence in intestinal traets and 
ts mparative ease of identification 
have long made it useful as an indica 
tor of fecal pollution in water. Thus, 
the possibility of using this organism 
as an indicator of poll ition of raw veg 
etation cannot be overlooked 

The universality of Esch. coli, as 
well as its survival outside the animal 
body, is illustrated by the work of 


Young and Greenfield (112 Twen 


ty-five 
colon or 


Kansas were examined for 
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samples of soil from the state of 


October, 1950 


All free 
from recent animal and human pollu- 
tion, yet all but one showed the pres- 
the coliform group. In an- 
other experiment, soil containing Esch. 
coli was kept on top of a tall building, 


ganisms were apparently 


ence of 


protected from birds; coli were present 
in 0.01 ¢ Lab- 
oratory experiments carried out by 


of soil after 5 years. 


these investigators showed that the op- 
timum soil moisture for Esch. coli was 
between 10 and 40 per cent of satura- 
tron. 

(90 


containing 0.5 


and Murray 


soil 


Skinner found 
that in per cent 
feces by weight and with an initial con- 
tent of 600,000 Esch. coli per g., the 
122 to 136 days. Aer 
aerogenes of feeal origin was found to 
Pure 


Aer. aerogenes 


coli. survived 


survive somewhat longer eul 
tures of Esch. coli and 
disappeared in 176 to 197 and in 218 to 
(In 
these experiments the soil was previ- 


ously air-dried and sieved before being 


248 day Ss, respectively, from soil 


moistened for use. The results, there- 
fore, may not be comparable to those in 
natural soil 

found that Esch. coli in 
initial 
room tempera- 


Jordan 


stored normal feces showed an 


increase in number at 


ture and at 37° C., followed by an ir- 


regular decline which was more rapid 
at 37° C 
coli disappeared in 36 to 48 days, and 
in 10 to 20 days at 37° C. When the 
feces were covered with garden soil or 


At room temperature the 


sand, no more rapid decline in Esch. 
coli was noted; on the contrary, with 
garden soil, an increase in survival was 


These 


pared with the survival of FE. typhosa 


noted results should be com- 
in feces from typhoid patients and car- 

This was found to have an aver- 
maximum of 52 
with no multiplication noticeable. 

Kulp 50) studied the viability of 
15 Esch 


15 strains of 
nes in sterilized garden 


of Aer 


riers 


age longevity days 


coli and 9 strains 


acrode 


soil. Six strains of the former and two 
of the latter were still viable after 3.5 
years 
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Parr (68) found coli groups most 
predominant in fresh feces, but these 
were replaced by aerogenes types in 2 
months at 37° C. The change-over was 
more rapid in lower temperatures. 

Mudd (63), on a recent tour of So- 
viet laboratories, noted that their work 
indicated a complete absence of both 
Esch. coli and Aer. aerogenes in soils 
not polluted by humans and other ani- 
mals. Thus, both were considered in- 
dicators of sort of pollution. 
Also, the thermophilic organisms re- 
sulting from human feeal pollution 
have a lower temperature tolerance 
(up to 60° C.), where those from some 
animal feces tolerate 60° C. and above. 

Ostrolenk, Kramer, and Cleverdon 
(66) compared survivals of Esch. coli 
and enterococci in virgin and contami- 
nated soils at room temperature and at 
45° F. (7.2° Survival was fa- 
vored by the lower temperature. In 
the unfertilized soil, the i 


some 


enterococe! 
survived longer than the coli, whereas 
survival was less than or equal ‘to that 
of the coli in the soil contaminated 
with chicken manure or artificially con- 
taminated with organisms. 

Using Esch. coli as an indicator or- 
ganism, Champion and Van de Velde 
(15a) found that strawberries, lettuce, 
and carrots rinsed in a 0.2 per cent 
solution of chlorinated lime were rea- 
sonably well, but not completely, dis- 
infected. After 0.5 hr. contact, Esch. 
coli was destroyed and the total num- 
ber of bacteria was reduced, sometimes 


to zero. Taste and smell were but 
slightly, if at all, modified. 
In South Africa, from watercress 


grown in a (trickling filter) 
effluent, Hogg (39) showed Esch. coli 
present in 1 ml. or less of the final wash 
water, even after three washings with 
sterile water. At a concentration of 
0.25 per cent, bleaching powder was 
effective in killing the organisms after 
10 min. soaking without wilting leaves 
or leaving tastes. Potassium perman- 
ganate N) was not effective, 


sewaye 
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whereas 2 per cent sodium chloride was 
ineffective and wilted the leaves. 

In water under starvation condi- 
tions, Hinds (38) found that oxygen 
appeared to be harmful to Esch. coli 
and beneficial to FE. typhosa. 

Winslow and Cohen (108) found 
that mixtures of coli and aerogenes or- 
ganisms in water gave 98 to 99 per cent 
reduction in 10 days. The coli death 
rate was higher except during the first 
24 hr. when the reverse was true. 
Winslow and Brooke (107) found that 
when Esch. coli cultures were sus- 
pended in distilled water (after being 
centrifuged twice to remove substances 
earried over from culture media) the 
organism survived several hours. 
Other organisms (as B. cereus, mega- 
therium, and prodigiosus) died off to 
less than 1 per cent in 1 hr. Without 
centrifugation the bacteria do not die 
off so rapidly, indicating either a pro- 
tective action of the organic material 
adhering to the cells or the carrying 
over of nutrient material, which can 
support the population for a time. 

Heukelekian (35) studied the fate of 
Esch. and Aer. aerogenes in a 
trickling filter sewage treatment plant 
equipped with Imhoff tanks. No ap- 
preciable reduction took place in the 
Imhoff and secondary settling tanks, 
but the bacteria were reduced by &9 
per cent when passing through the fil- 
ter bed. When fresh sewage solids are 
subjected to anaerobie digestion with- 
out seeding with ripe anaerobic sludge, 
the organisms were found to rise to a 
maximum in about two days and then 
rapidly decline to a low level. Heuke- 
lekian and Rudolfs (37) found that 
aerating sewage produced a temporary 
increase of Esch. coli, probably due to 
breaking up of colloidal aggregates 
and bacterial clumps. 

Sherman and Cameron (88) noticed 
that young cells of Esch. coli may be 
killed by abrupt changes in the envi- 
ronment, even though maintained 
within the natural limits of growth. 
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SEWAGE 


Such changes as raising or lowering 
temperature and osmotic pressures are 
cited. This was also confirmed by He 
garty and Weeks (34 

Platt (72 
coli and aerogenes in sterile and raw 
C. In 
general, aerogenes were more resistant 
than coli at 
true at 0 


studied the viability of 


river waters at 0°, 18°, and 
but the reverse was 


and 37° CC. In sterile water 


at 0° C., both organisms decreased 
slowly, but only coli were present after 
73 days. At 18° C. in the dark there 


slight number for 
the first few days, but then both de 
clined at the same diffused 
in 60 


was a increase in 
rate, In 
sunlight the coli disappeared 
days, whereas the aerogenes multiplied 
tenfold At 37° C., aerogenes died off 
in 1 to 4 days and coli in 26 to 30 days 

Parr (69) found that Esch 


feces was re-isolated 


coli iso 
from 
sterilized tap water after 2.5 years in 
an icebox. He concluded that Esch 


Hi, as well as Aer. aerogenes, could re 


lated from 


main viable for long periods in various 
environments 

In a summing up of the survival of 
the eolon-aerogenes group reported in 
above, several 


various investigations 


important factors appear 


1. In natural soils, Esch. coli, as well 


as Aer. aerogenes, can survive for long 
periods, longer than the average time 
for the survival of EF. typhosa in simi 
lar environments 

2. The viability of Esch. coli in 
feces is not as great as in soil, prob 
ably because of the high oreganie con 


tent of the former supporting a lara 


population of other types of micro 
organisms 
Ss As in the ease of E 


typhosa, 
lower te mperatures appear to favor in 


‘oli as a bacterial 


ator of the effec tiveness or com 
pleteness of cleaning or sterilization of 
raw fruits and vegetables will prob 
ably be useful llowe ver, as it appat 
ently survives longer in soil than most 


intestinal bacteria, to 


awatt 
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October, 1950 


the death of all or most Esch. coli be- 
fore considering a soil no longer cap- 
able of carrying disease organisms may 
prove to be too extreme a test 


Vibrio Cholera 


Cholera has long been a problem in 
many parts of the world. However, 
the fate of the causative organism in 
natural environments other than the 
human being has not been studied ex- 
tensively. 

Abdou (1) held that the Egyptian 
cholera epidemic of 1947, which pro 
duced 20,877 eases with 10,265 deaths, 
was spread _ to areas 
through the consumption of ripe dates 
harvested in the area where the disease 
first appeared. 


neighboring 


He based this conelu- 
circumstantial and 
the fact that ‘‘it has been proved in 
Iraq that the cholera vibrio cannot live 
in compressed dates, owing to the high 
concentration of sugar, but it can live 
on the 
time.’’ 


sion on evidence 


skin of ripe dates for some 
On the other hand, other deserip- 
tions of the epidemie (3) (110) do not 
mention this method of transmission. 
World Health Organization (WHO 
makes the point that ‘‘the disease has 
failed to establish itself in any of the 
towns provided with satisfactory wa 
ter supplies and adequate sewage dis 
posal systems, in spite of repeated in- 
troduction from the villages.’’ Were 
dates the principal vectors, the inei- 
dence of disease would be largely inde- 
pendent of water supply sanitation 
Flu (26) (27) compared the sur- 
vival of the cholera vibrio with that of 
typhoid organisms in reservoirs and 
both environments 
the cholera organism was found to die 


septic tanks. In 
out in 2 to 5 days, whereas the typhoid 
The 


survival was less in septic tanks than 


organism Was gone in 7 to 8 days 


in reservoirs 


Courmont, Rochaix, 


and Lanpin 
18) found that cholera vibrio did not 
survive 6-hr. aera- 
tion), but organisms of the typhoid- 


activated sludge 
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paratyphoid group were found in the 
effluent after similar treatment. 

Yasuhara (111) tested the longevity 
of the cholera vibrio in infected water 
under Japanese winter conditions 
(morning temperature, 1° to 5° C.). 
His results were as follows: 


Sea water 11 days 
Sea and river water mixed 13 days 
River water 8 days 
Tap water 8 days 
Well water 6 days 


On the basis of his results he sug- 
gested that water known to be con- 
taminated with the vibrio be stored 
two weeks before use. 

Further work by Kiribayashi and 
Aida (46) on the fate of this organism 
in sea water indicated an average sur- 
vival of 10 days. Survival was longer 
in sterilized sea water. 

Lahiri, Das, and Malik (5la) stud- 
ied the viability of the cholera organ- 
isms in spring, tap, river, and surface 
tank waters in Caleutta. The organ- 
ism was viable from 1 to 72 hr. in the 
raw waters, but lived as long as 18 
days in sterile waters. 

In summary, the transmission of 
cholera by the consumption of raw 
vegetables is in doubt. No cleareut 
cases of transmission of the disease by 
this method have been found. The vi- 
ability of cholera bacteria, like that of 
E. typhosa and Esch. coli, is longer in 
a sterile environment than in a natural 
one. Also, the durability of the chol- 
era bacteria is not as great as that of 
either of the other two organisms un- 
der both natural and sterile conditions. 


Miscellaneous Bacteria 


Steuer (92) investigated the viabil- 
ity of the organism of bacillary dysen- 
tery in polluted well water in Poland. 
Tests at 37° C., at room temperature, 
and at —3° C. showed survival time to 
be variable, but longer at lower tem- 
peratures. At room temperature sur- 
vival was for several days, sometimes 
more than one week. 


Savage and Wood (83) compared 
the survival of streptococci with Esch. 
coli in sterile and polluted water. In 
the former, the streptococci died off 
rapidly (about two weeks), whereas 
the coli increased in number. In sew- 
age and polluted water, the coli also 
survived for a longer period. 

Livingston (54) studied the viabil- 
ity of 11 strains of Str. hemolyticus 
and one of Str. viridans in water. The 
former showed survivals in distilled 
water of from 3 to 87 days, averaging 
38, whereas viridans survived 50 days. 
Factors which tended to increase sur- 
vival time were higher initial strepto- 
coccus concentrations, lower tempera- 
ture, greater sterility, and purity of 
the water. Avirulent strains survived 
longer than virulent strains. 

The viability of bovine tubercle ba- 
cilli in cows’ feces has been studied by 
Williams and Hoy (104). Under eli- 
matic conditions of southern England 
the organisms could survive for at least 
5 months in winter, 2 in spring and 4 
in autumn, but not longer than 2 
months in summer. 

Maddock (57) found that addition of 
dung to soil favored survival of the 
bovine tubercle bacillus. Positive tests 
for the organism (on basis of animal 
inoculation) were obtained from soil 
and manure up to 178 days; on grass, 
survival was 49 days, possibly longer. 

Rhines (74) found that an avian 
strain of the tubercle bacillus was able 
to survive for longer periods in natu- 
ral and in toluene-sterilized soil. The 
presence of other general soil bacteria, 
fungi, and actinomycetes did not 
strongly depress the number of tu- 
berele bacilli. Death rates were simi- 
larly slow in sewage. 

More recently, Jensen and Jensen 
(42) found virulent tubercle bacilli in 
the effluent of well-constructed sewage 
plants at tuberculosis sanitoria. Sludge 
a year old was found high in tubercle 
bacilli. Thus, the use of this sludge as 
fertilizer before the tubercle organ- 
isms had been killed by proper treat- 
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ment was considered objectionable 
Chlorination of an activated sludge ef- 
fluent with 10 p.p.m. of chlorine was 
sufficient to kill the remaining tubercle 
bacilli 

Kraus (4) 
of illness of cattle watered from a pond 
receiving the effluent from a tubereu- 
Although the report 
does not actually state the 


be tuberculosis, the results showed that 


investigated the cause 


losis sanitarium 


illness to 


tuberele bacilli in the sewage came 
from water closets and an inefficient 
sputum sterilizing apparatus. Tuber- 


di- 


minishing numbers, throughout the dis 


cle bacilli were demonstrated, in 
persion system and on grass and soil 
as much as 10 miles downstream from 
the final outfall. However, they were 
not demonstrated in stream water 150 
miles distant 

Crawford Frank (19) experi- 
mented on the feeding of sewage and 
and cattle. The sew 
age from the treatment 
plant of an agricultural experiment sta 
tion where studies on animal diseases 


and 
sludge to pigs 


Was obtained 


included tuberculosis, brucellosis of 
cattle and swine, infectious anemia of 
horses, equine encephalomyelitis, mas 
titis of cattle, hog cholera, swine ery 
sipeles, vesicular stomatitis, and other 
bacterial and virus diseases. The sew 
treated by 
trickling filters, separate sludge diges 
Although some 
material from diseased animals 


age was sedimentation, 


tion, and chlorination. 
of the 
was sterilized before entering the sew 
erage system, a great amount of viable 


material from laboratories, autopsy 
ra ned access to the s\ stem 
and hogs were fed raw sew 
ave, plant effluent, and digested sludge 
mixed with feed over a period of one 
summer All animals gained weight 
normally, at no time indicating signs 
loss of appetite. Tuber 
ts were always negative during 
after 


slaughtered animals showed 


feedings and several months 


ward. The 
disease 


no evidence of on post-mortem 


examination 
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The authors concluded that ‘‘viru- 
lent bacteria are not present in suffi- 
cient concentration in the incoming sew- 
ace, effluent, and sludge to cause disease 
in suseeptible animals. It is believed 
that test animals in this experiment 
were subjected to a more severe ex- 
posure to the effluent than would ordi- 
narily livestock below a 
modern-type sewage treatment plant.’’ 


occur in 


Virus Diseases (Poliomyelitis) 


Although neither the mode of trans- 
mission of infantile paralysis nor the 
role of sewage, water supplies, and 
food contamination been 
clearly established, a brief review of 
some recent literature on poliomyelitis 
in sewage and water should be pre- 
sented. 

Among reports of the presence of 
poliomyelitis in sewage the findings of 
Trask and Paul and Mundal, 
Gear, and Wilson (64) may be men- 
tioned. Trask and Paul investigated 
the sewages of New York City and New 
Haven, Conn., finding the virus pres- 
ent, but not during non-epidemie pe- 


has ever 


(G8) 


riods. Mundal et al. (64), who studied 
the distribution of the virus in the 
Johannesburg, South Africa, sewage 
treatment works, found the virus in 
settled sewage, but not in digested 
sludge or sand filter effluents or in 
psychoda flies associated with the 


plant. However, no case of poliomye- 
litis had been reported for the pre- 
vious two months in the area served; 
the finding of the virus in settled sew- 
age might possibly indicate that con- 
tinned infection was still occurring. 

Ridenour, and MeKhann 
(14) studied the efficiency of present 


Carlson, 


water purification methods in remov- 
In inecreas- 
ing efficiency, the methods are coagula- 


ing the poliomyelitis virus. 


tion with alum and lime and sedimen- 
filtration, and activated 
charcoal; ultraviolet irradiation was 
better than direct sunlight. The virus 
was 40 per cent viable in tap water 


tation, sand 
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after 100 days in a refrigerator. In 
further work, these authors (15) in- 
dicated that activated sludge concen- 
trations of 1,100 p.p.m. largely re- 
moved the virus from sewage after 
6-hr. aeration. Increasing sludge con- 
centrations up to 3,300 p.p.m. removed 
the virus sufficiently from the liquor to 
make it almost completely non-infec- 
tious. A mouse-adapted strain was 
used in the work. 

Lensen, Rhian, and Stebbins (52) 
studied the effect of chlorination on 
the inactivation of a mouse-adapted 
strain of virus in water. Free chlorine, 
or chlorine and chloramine, in total 
residuals of 0.3 to 0.5 p.p.m. were usu- 
ally sufficient to inactivate 0.25 and 
0.5 per cent virus suspensions. 


Summary on Bacteria and Virus 
Diseases 


The following general points have 
been brought out by the literature sur- 
vey presented. 


1. Raw fruits and vegetables grow- 
ing in infected soil ean be contami- 
nated with pathogenie bacteria. 

2. Such infected vegetation may be 
difficult to clean and disinfect, espe- 
cially where injured or broken parts 
are concerned, 

3. Among the factors influencing the 
survival of intestinal pathogenic bac- 
teria in soil and on vegetation are the 
following: 
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a) Type of organism—Esch. coli, E£. 
typhosa, and M. tuberculosis appear 
to be most resistant. 

b) Temperature—lower temperature 
increases viability. 

c) Moisture—longevity is greater in 
moist soil than in dry soil. 

d) Type of soil—neutral, high-mois- 
ture-holding soils favor longevity. 

e) Organic matter—the type and 
amount of organic matter present may 
serve as a food and energy source to 
sustain or allow bacteria to increase. 

f) The presence of other micro- 
organisms has an influence on the 
pathogenic organisms. This has been 
illustrated repeatedly by longer sur- 
vival after inoculation of a pathogen 
into a sterilized soil, sewage, or water 
than into a corresponding non-sterile 
substrate. 


4. Among the most common intes- 
tinal-disease and nonpathogenic bac- 
teria, Eberthella typhosa, Mycobac- 
terium tuberculosis and Escherichia 
coli appear to be the most resistant to 
natural conditions outside the human 
body. Also, with the exception of M. 
tuberculosis, these have been studied 
the most extensively. Furthermore, 
the methods for isolating Esch. coli 
and E. typhosa in soil, sewage, and 
water have reached higher develop- 
ment. 

5. As a whole, the literature leaves 
the impression that Esch. coli is more 
resistant that FE. typhosa in soils, sew- 
age, and water. 
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Obviously, the ‘keys to sucee ssful 
ewage services’’ diseussed in this pa 
per are not physical lock opening de 
vices Rather, they are figurative 
‘keys’? needed to open the on 
the public’s appreciation of natural 
resources, on the community's sense 
of fairness and justice, and on munici 
pal pocketbooks. By comparison, the 
figurative ‘‘kevs’’ are so important as 
far outshadow the others 

As far back as 1925-27 the Michigan 
Department of Health and the Michi 
van Department of Conservation tried 
to open the ‘‘bank’’ of public interest 


in our lakes and streams. River basins 
were considered as single units of pol 
luted natural resources and all the 
eities and villages located on each 
basin were ordered to obtain reports 
on methods and costs of removing their 
contributions to the polluted streams 
llowever, that key did not fit; the re 
ports were received and locked up in 
the vault of ‘‘things to be forgotten 

Then eame the depression and the 
key of ‘‘need to make work’’ did re 
lease a few reports and a few dollars 
from municipal pocketbooks, Many 
sewer systems were expanded and some 
treatment plants were built, but there 


was not present the fundamental de 


sire to reduee pollution as step 
to eliminating unhealthful conditions 
The construction programs were = to 
make work, not to make things better 


Through that period the Michigan 


Stream Control Commission was en 
deavoring fo arouse publi interest in 
| ‘ +} Ar Moet Mictl 
y \ me st Wastes 
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pollution. Orders were issued; court 
action was threatened. In a few 
court action was instituted, but still 
the public appreciation of what was 
needed was not evident. Orders and 
court action only created defensive at- 
titudes. The public was not sold on 


‘ases 


the value of sewage services. There 
was, however, enough of government 
sponsored construction to make the 
picture look rather attractive. In fact, 
the comment was made that well over 
50 per cent of the sewered population 


of the state was treating its sewage. 


Increased Flows 
With the advent of World War II 


there was a vast increase in the quanti- 
ies of sewage Housing for war 
workers added its share; industrial 
processes, which previously had used 
some water, were now using large 
quantities of water. The result was 
that practieally every sewage treat- 
ment plant was badly overloaded and 
tremendous volumes of untreated sew 
age were going directly to the rivers 
and lakes. At first this was felt to be 
strictly due to the war effort, but as 
reeonversion progressed, it was discov- 
ered that sewage flows were not re- 
turning to their prewar volume, nor 
anywhere near it. As an example 
Lansing has a plant built in 1936 with 
a 1960 design load of 9 m.g.d. Dur 
ing the war. flows were 15 to 16 m.g.d. 
and those flows have only dropped to 
around 12 to 13 m.g.d. since then. This 
condition ean be corroborated by the 
records of water plants. There must be 
omplete rethinking on the basie data 
for the design of sewer systems and 


sewage treatment works The old 
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basic 100 g.e.p.d. has gone by the 
board. Even the smaller villages and 
cities are finding that 125 to 135 g.e. 
p.d. is the consumption rate; some mu- 
nicipalities are even claiming rates of 
150 to 175 g.e.p.d. 

It is the need for taking care of 
the sewage from previously existing 
sources, plus the increased sewage flows 
and the need to prevent still greater 
deterioration of publie waters, that is 
the incentive behind all of the activi- 
ties related to stream pollution control 
today. The Stream Control Commis- 
sion, the Department of Health, the De- 
partment of Conservation, and sports- 
men’s clubs were among the first to 
recognize the need. The legislature 
recognized the situation and_ estab- 
lished a study committee, which one 
vear later recommended the revision 
of the Stream Control Act and created 
the Water Resources Commissicn. 
Some municipalities recognized the sit- 
uation and began to make plans for 
and build additions to existing plants. 
A few municipalities recognized the 
need and started the construction of 
plants before it became necessary to 
order them to do so. In general, how- 
ever, publie feeling has not reached 
that stage where there is a willingness 
to proceed with pollution abatement 
measures, although it has reached the 
stage where many are saying some- 
thing must be done. 

It would be extremely difficult to 
enumerate specific items or things 
which have brought public opinion to 
its present outlook on this subject, but 
mention must be made of the excellent 
work of the press in this respect and 
efforts of the sportsmen’s organiza- 
tions. Somewhere along the line there 
also has been an entirely new attitude 
on the part of industry, which is not 
only spending large sums to treat in- 
dustrial wastes where methods are 
known, but also is spending large sums 
in research trying to find methods of 
treating wastes for which there is no 
known treatment. 
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Financing a Big Problem 


It is at this point that the need for 
the keys becomes apparent. In one 
respect these keys might be termed 
the keys to the ‘‘how,’’ the ‘‘when,’’ 
and the ‘‘where’’ of the problem. The 
first key required is the one to the 
‘*how,’’ particularly as it applies to 
the municipal problem. As an ex- 
ample, let it be assumed that for one 
reason or another the municipal offi- 
cials have reached that stage where 
they realize that a treatment works 
should be built, but how to proceed is 
the big problem. Attendance at a 
meeting of the Water Resources Com- 
mission would quickly give an ap- 
preciation that the problem in their 
minds is that of finances. Where is 
the money coming from? It is amaz- 
ing how many believe that this type of 
construction can only be done with 
Federal assistance and they want to 
know: ‘‘Where can we get the Fed- 
era! money?’’; ‘‘How soon will Fed- 
eral money be available?’’; and ‘‘ How 
much can we get from Federal 
sources ?’’ 

These questions all result from the 
depression era experience; they have 
discovered that a smart neighbor got 
a 55 per cent grant—-in a few cases 
they themselves had the opportunity 
to get the grant, but their own citi- 
zens refused to vote the bonds for the 
other 45 per cent. Naturally, those 
who did not build in those days are 
looking and hoping for the same fi- 
nancial assistance. At the present 
time there is not one penny available 
for construction purposes nor is there 
any indication that there will be any. 
There is a small amount available for 
planning purposes, but with Michi- 
gan’s own postwar planning program 
and the previous Federal Works plan- 
ning program, there is not much plan- 
ning left to be done in Michigan. The 
stage has been reached where construe- 
tion can and should commence. How 
then, to proceed? 
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An Engineering Problem 


To do this job in an orderly, business- 
like way, the first thing is to find out 
what is required and how much it will 
cost. That is an engineering problem 
and professional engineering counsel 
should be obtained. In this 
tion it is amazing how little apparently 


officials of 


connec 
is known by municipal 
the methods for employing engineering 
counse! Because they have had no 
need for such services in the past, even 
the names of consulting engineers are 
unknown to them. If such is the case, 


should be 


State agencies ceal 


inquiries made from some 


reliable sources 


ing with such problems (such as the 
Water Resources Commission, the State 
Health Department, and the Municipal 
Finance Commission) are good sources 
Of course, neighboring municipalities 
known to have had engineering services 
could also be consulted, or even profes 
sional organizations, of which there are 
several 

The usual procedure after obtaining 
the names of competent consulting en 
vineers or engineering firms, 1s to in 
vite them to appear before the muni- 
cipal officials and discuss their quali- 
and tenta 


fications 


perhaps, offer a 


tive contract in which services to be 
compensation to be paid, 
forth 


based on a per 


rendered, the 


and other items are set Com 


pensation is usually 
entage of the eost of construction of 
the work planned. Very often, for the 
initial report a fixed charge is made, 


which may or may not be credited if 


tailed plans, construction drawings 
specifications, ete., are later ordered 
Mhe t this point is not cheap en 
rineering services, but competent en 
ritie ring Ces 

Although many municipal officials 
lo not real it. it is at this point 
that tl ! irements or the desires 
of such state agencies as the Water 
Resources Commission and the Health 
Department are taken care of. There 
is nothing that definitely requires the 
engineer to consult with these state 
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agencies, but the engineer invariably 
This is because he knows that, 
eventually, whatever is planned for 
construction must meet the approval 
of these does it more 
particularly knows that 
fundamental data for the basic design 


does. 


agencies. He 


because he 


of the treatment works can be obtained 
from these sources. 


Of course, there is a lot of other 
data which must be obtained from 
municipal records, as well as from 


careful study of the topography of 
the area, the population record of the 
area, the economic development of the 
and the financial situation. 
Nevertheless, regardless of what data 
is needed to prepare the report, when 
it is completed it should present to 
the municipal officials a complete and 
concise statement of the problem and 
how it can be met, what degree of 
treatment should be provided, and how 


area, 


it ean be financed 

With their hands 
the municipal officials are then in po- 
sition to make the all-important de- 
cision as to whether or not they will 
proceed and, if they decide to proceed, 
how to do it. It is at this point that 
the problem really begins. Although 
it is evident that it should be done, 
there is hesitaney as to whether they 
should proceed and add taxes or other 
financial burdens to the citizens of the 
town. It is at that the 
municipal officials realiy need help; 
they admit that it should be done, but 
they don’t whether to do it or 
how to do it 


such a report in 


this point 


know 


Gaining Public Support 


To answer the question of whether 
to proceed with the project requires a 
determination of public sentiment. 
There are numerous ways for determin- 
There is always the ballot 
be taken—but 
sometimes municipal officials have their 
fingers on the pulse of the population 
well enough to know that such a vote 
It is at this point 


ing this 


a referendum vote can 


would be negative 


a 
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that the loeal press and local organiza- 
tions should be vocal. Every effort 
should be made during this period, 
when engineering services are em- 
ployed and the engineer is preparing 
his report, to mold public opinion in 
favor of the project. It is something 
which the State Health Department 
and Water Resources Commission are 
ready to do whenever called upon. 
The public must be told what sewage 
pollution is doing to the local water- 
front and what is happening to the 
water resources of the state and the na- 
tion, to the recreation areas, to real 
estate, and to industry, as a result of 
uncontrolled pollution. Particular at- 
tention should be paid to informing 
the public as to the results of local pol- 
lution. When businessmen of the town 
and the women’s organizations of the 
town understand what is happening, 
they are usually ready and willing to 
pay their share toward correcting these 
conditions. When public opinion, as 
represented in luncheon clubs and 
other organizations, is aroused, there is 
little doubt but what the city officials 
will proceed with the project. 


Methods of Financing 


To answer the second question of 
how to proceed is bothersome only be- 
cause the officials are not familiar with 
the methods available for such a pro)- 
ect. The state legislature has provided 
all of the legislation needed to finance 
such a project. Methods are available ; 
it is only a matter of determining 
which is the best financial method for 
the particular situation. In this con- 
nection, the municipality should have 
a financial adviser. Some towns have 
already arranged for this, and it 
should be noted that such assistance is 
obtainable in just the same manner as 
consulting engineering services. It is 
simply a matter of finding out who are 
the recognized financial advisers and 
obtaining their services. In some cases, 


the financial situation is such that gen- 
eral obligation bonds will provide the 
financing at the least cost; in others, 
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due to the 15-mill tax limitation and 
outstanding general obligation bonds, 
the project will appear to be best han- 
dled on a utility basis financed by 
revenue bonds. In still other cases, a 
combination of these will appear to be 
the best solution. In a few cases, usu- 
ally in urban areas not incorporated, 
even the county drain law may offer 
some advantages. It is not intended 
to discuss these various methods herein, 
because any one of the methods or 
combination of the methods cannot be 
applied to all situations. 

One fact that should be emphasized, 
however, is the soundness and the 
equity of the revenue bond method of 
financing. The water system, the tele- 
phone system, and the electric light 
system have always been looked upon 
as utilities and paid for as used. The 
sewer system, by a definition of some 
years ago, is a transportation  sys- 
tem taking away from property the 
used water previously transported to 
the property. If it is good business to 
charge by the gallon or the cubie foot 
for the water delivered to the user, it 
is equally sound to charge by the same 
unit for carrying it away and dispos- 
ing of it after the purchaser is done 
with it. By this method of financing, 
it is found that taxes are not affected, 
the faith and credit of the municipal- 
ity is not affected, and there is not an- 
other item added to the tax burden or 
squeezed into the 15-mill structure. 
Revenue bonds are in good standing 
with investors, and where the financial 
rating of the municipality is good, fa- 
vorable interest rates are obtained. 

The revenue bond act has another 
advantage which should be mentioned. 
If public opinion is right, the govern- 
ing body is not required to obtain a 
vote of the electors for authority to pro- 
ceed. The municipal officials can in- 
stitute the proceedings purely by a 
resolution of that body. If there are 
some who want to object to the action, 
they can file a petition calling for a 
referendum, but if no such request is 
made within 30 days, the municipal of- 
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This is both time 
saving and money saving; often, time 
is a definite factor in getting construc- 


ficials can proceed 


tion underway 

For one reason or another it now ap 
pears that the project will proceed and 
instructed to com- 
plete the planning documents for con- 


the engineers are 
struction. This will require some time 
often as much as 6 to 9 months for 
the preparation of the complete plans 
and specifications. For this reason it 
is advisable not to delay too long the 
commissioning of the engineers to do 
this job. If it is reeognized that the 
job must be done, it is well to have the 
plan preparation proceed along with 
the program for educating the public 
to the need and developing the neces 
sary attitude for favorable considera 
tion of the project by the electorate if 
a vote is to be taken, or even for edu- 
cating the publie to the idea that they 
will be paying for sewage service when 
revenue bonds are to be issued. 


State Approval Required 

When the plans are completed it is 
necessary that they be submitted to the 
State Health Commissioner for his ap 
proval. The law specifically charges 
the State Health with 
the duty of examining the plans with 
respect to their effect on public health 
The plan must meet with his approval 


Commissioner 


before a construction permit is issued 
Incidentally, the law specifies that no 
construction is legally undertaken un 
til such construction permit is obtained 
and further specifies that it is an ille 
val act to pay any money for construe 


tion, and an illegal act for a contractor 


to commence construction, until a per- 
mit has been issued. This phase of the 
law was only recently tested in a cir 
euit court in Oakland County, where a 
well driller was unable to obtain pay 
ment for his services for drilling a well 
because no construction permit had 
been obtained 

Examination and approval of the 
plans by the State Health Department 
is not an examination of plans to ce 
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termine the strength or adequacy of 
the structures; the examination com- 
prises a study of the functional design 
to determine whether or not the plant 
will do what is required of it and do 
it in the most economical and satisfac- 
tory method Examination 
such items as determination 


includes 
f settling 
or detention time, weir overflow rates, 
adequacy of the secondary treatment, 
adequacy of chlorination equipment if 
provided, proper design of the areas 
in which the operator must work to 
make sure that health hazards are not 
created, adequate sludge digestion ¢a- 
pacity, proper protective devices on 
the gas collecting and heating systems, 
location of valves and other pieces of 
equipment so that they can be easily 
and readily operated and inspected. 
These are some of the items that make 
for satisfactory operation and satisfied 
operators. It is surprising how many 
times in the past, after a plant has 
been built and placed in operation, the 
operator will ask why the state au- 
thorities approved this or that, the 
complaint usually being based on an 
inaecessible location of 
equipment, which prevents him from 
getting at it easily. 


unhandy or 


This is not a eriti- 
cism of the designing engineer, because 
the designing engineer is not primarily 
interested in operation. It is about 
the same principle’ as some of the de- 
where certain 
items flow right into the production 
line and become an integral part of the 
whole machine, but when a replace- 


signs of automobiles, 


ment or repair is needed the automo- 
bile has to be practically torn apart to 
get at the needing attention. 
When treatment plants are 
built in such a manner operators are 
going to neglect those items. The re- 
sults will not be what was expected of 
the plant. In reality, it is the State 
Health Department cooperation with 
both the designing engineer and the 
operator that maximum effi- 
and the greatest return from 


item 


sewace 


insures 
eiency 


the dollar invested. 
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Project Supervision 

Following approval of the plans, 
construction can proceed. In this con- 
nection, one item should be specifically 
mentioned; that is, the purchaser 
should make sure that the contractor is 
building the plant in accordance with 
the plans and specifications. Fre- 
quently it is found that the contract 
between the consulting engineer and 
the municipality does not specifically 
include supervision of the project. No 
project of such magnitude should be 
built without a resident engineer, rep- 
resenting the city, being on the job 
throughout the entire construction to 
see that the best workmanship and ma- 
terial are properly incorporated into 
the plant. 

In connection with construction, con- 
sideration should be given to the cal- 
endar. In Michigan, winter construe- 
tion is difficult. A time table provid- 
ing for much of this preliminary work 
to be done during the winter so that 
bids can be advertised and construe- 
tion started in the early spring, will 
permit of the most rapid progress 
being made in the construction. 


Sewer Use Control 


Another item which should receive 
municipal consideration during this 
time is the matter of establishing con- 
trols over what the treatment plant 
is to receive. As long as the sewer 
system was discharging directly to the 
river or lake there seemed to be little 
need for regulating what might be dis- 
charged into the system. With the 
construction of a plant, however, con- 
trol of the sewage delivered to the 
plant becomes very essential. Once 
the plant gets into operation and the 
publie becomes aceustomed to the im- 
proved condition of the receiving wa- 
ter, any variation will be quickly noted 
and complained about. 

It is, therefore, no longer good poli- 
ties or good business to accept the 
wastes of any commercial or industrial 
establishment until it is known what 
type of wastes that user is going to dis- 
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charge into the system. More and 
more evidence is accumulating that 
various types of waste are detrimental 
in the treatment process. <A research 
project is being started at Ohio State 
University to determine the effects of 
heavy metals in sewage treatment. A 
little is known about the action of cop- 
per and chromium or chromates, but 
what about cadmium, nickel, zine, and 
other heavy metals which find their 
way to the sewer system’? The effects 
of cyanides are known. At Battle 
Creek, Mich., a dump of cyanide waste 
put one digester completely out of 
service and greatly reduced the effi- 
ciency of a second. Furthermore, those 
wastes, after passing through the plant, 
proceeded to kill large quantities of fish 
in the receiving water. 

The answer to the problem is the 
adoption of ordinances regulating the 
quantity and the types of wastes which 
can be discharged to the sewer system 
for delivery to the treatment plant. 
Adoption of such ordinances is only 
good business practice. There is no 
reason why one tax-paying unit in the 
municipality should have the right to 
destroy the total investment by in- 
diseriminate discharge of a waste to 
the sewer system. A few municipali- 
ties have adopted such ordinances. As 
a part of the report of the Interna- 
tional Joint Commission on its study 
of the pollution of the Detroit River, 
certain objectives were set up which 
might be used as the basis for such an 
ordinance. In addition, the Federation 
of Sewage Works Associations has pub- 
lished a very valuable pamphlet (1) 
on the need for such ordinances, with 
a model to show how such an ordinance 
should be written and what it should 
contain. The adoption of such ordi- 
nances is becoming essential; no mu- 
nicipality should neglect the adoption 
of such a protective device to its in- 
vestment. 

Operational Staff 


Sometime during the construction 
of the plant it becomes necessary to 
vive thought to the selection and ap- 
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pointment of a staff to operate it. 
Here again, past practices of staff se 
lection are deplored. In this connec 
tion, specific attention is called to some 
of the previous remarks relative to a 
sewage treatment works being a type 
of business If a sewage treatment 
works is thought of as an industrial 
plant and the people who are paying 
for its construction and operation are 
considered as stockholders and pur- 
chasers of the finished product, the 
need for good business management 
and good operating practices 1s im 
There is no 
manufacturing plant in which raw ma 
terials can be fed in one end and the 
finished product taken out of the other 


mediately apparent. 


end with no employees, no supervisory 
staff, and no management between the 
two ends. The same thing is true with 
Raw material 
comes in at one end; within the plant, 
work is and a finished 
llowever, there 


sewage treatment works 


performed 
product is discharged 
are certain manual operations which 
must be done There is a certain 
amount of supervision required; a cer 
tain amount of checking of the process 
in its various stages is necessary. The 
persons doing these things must know 
what they are doing if the finished 
product is to represent the best obtain 
able from the plant. To imsure proper 
supervision, properly educated and ex 
perienced personne} is essential. Some 
of the work can be performed by what 
is generally termed common labor, but 
Certification 


treatment works operators is 


supervision is required 

of sewage 

a step toward improved supervision at 

many plants 

there is the matter of 

records and reports. In every busi 


In addition 


ness there 


are records of raw materials 
received, production, finished products 
shipped, labor costs, and power costs 
From these records the management 
knows if the plant is operating prop 

| efficiently and the stockhold 
ers know w 


dividend. 


ether or not to expect a 


ecords and reports are an 
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essential part of operation and manage- 
ment. 

So too, there must be records and 
reports of treatment works operation. 
How else will the city officials and tax- 
payers know if their plant is doing 
what it was intended to do, whether 
the receiving waters are what they 
were intended to be, whether requests 
for funds are justified, and whether 
plant expansions are needed? How 
else than with records can a court ac- 
tion brought on by some displeased 
riparian owner be defended? From 
daily records come monthly reports 
required by statute to be filed with 
the State Health Department, and 
annual reports to support budgetary 


requests 


Municipal “Step-Child” 


Unfortunately, this ‘‘manufactur- 
ing’’ plant is always located in the least 
desirable part of the town—either in 
the vicinity of the heavy industrial sec- 
tion, in the slum area, or in some re- 
mote spot not related with residential 
areas. For this reason, the plant is 
seldom seen by the stockholders; it is 
seldom looked at by the municipal offi- 
cials and is invariably the first item 
to feel the effects of an economy drive 
on the budget. This is a situation to 
A few 
cities have made the sewage treatment 


which all must give attention. 


works site a public park. The man- 
agement of the plant has done a mar- 
Unfortu- 
examples of this nature are 


velous job of salesmanship 
nately, 
There is no 
reason why the sewage treatment plant 


few and far between. 


should not be just as much of an asset 
to the municipality as a beautiful city 
hall, a civie auditorium, or a new fire 
station. It was this need that prompted 
formation in the Michigan Sewage 
Works and Industrial Wastes Associa- 
tion of a committee on plant operation 
improvement to see what could be done 
to promote greater interest, better op- 
eration, and greater appreciation of 
those treatment works already in ex- 
istence 
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Promotional Aspect Important 


Oceasionally one hears of a com- 
munity that is well informed about its 
municipal practices or municipal 
plans. In one town, for example, the 
superintendent of the water plant 
makes it a practice to get himself in- 
vited as the speaker at luncheon club 
meetings at least once a year, and 
preferably twice a year. At that time 
he informs the group of the things that 
have happened since he last made an 
appearance. He tells what economies 
have been effected, how the quality of 
the water has changed, how the costs 
of treatment have changed—all with 
the view in mind that when it becomes 
necessary to ask for more money for 
plant enlargement or new equip- 
ment, the group represented will know 
why it is needed. In another town, 
it has been the practice to have the 
senior class at high school visit the 
treatment works. At first thought this 
may sound like a waste of time, but 
it should be remembered that within 
two or three years after graduation 
from high school those students will 
be marking a ballot ‘‘yes’’ or ‘‘no,’’ 
possibly for money for sewage plant 
construction. In another town, it is 
the practice to arrange for civie groups 
to visit the treatment works to be 
shown what is being done with the 
dollars they are spending. The possi- 
bilities for selling sewage treatment 
works have not even been tapped. Al- 
though sewage treatment is primarily 
a technical job of removing solids, 
B.0.D., bacteria, and other objection- 
able features from the wastes of a city, 
the sales promotion aspects should not 
be overlooked. Even though the super- 
intendent is not a born salesman, there 
is no exeuse for not taking advantage 
of every opportunity to inform the 
people of his community as to what 
the plant is doing. Providing a safe, 
palatable water supply is accepted as 
an obligation of every municipality. 
Removing polluting material and re- 
storing our lakes and streams for 
bathing, fishing, and other reasonable 
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uses is an equal obligation. The prob- 
lem is to get the publie to recognize 
that obligation and municipal officials 
to accept it. 


Summary 


The keys needed to obtain successful 
sewage services are: 


1. The key of ‘‘understanding.”’ 
The reason for, and purpose of a sewer 
system and treatment works must be 
understood. There must be an under- 
standing and appreciation of the real 
value of water resources—how much 
they are worth today and how much 
more value they can have. 

2. The key of ‘‘sound engineering 
principles.’” The sewer system and 
treatment works must be engineered. 
The skills taught engineers must be 
applied in this type of factory. 

3. The key of ‘‘sound finaneing.’’ 
Because this is a long-term investment 
involving the taxpayers’ dollars, it 
must be reasonably and soundly fi- 
nanced; it must represent a gilt-edge 
investment. 

4. The key to ‘‘firm bidding.’’ The 
days of cost plus, escalator clauses, and 
fixed fee construction are over. Com- 
petitive bidding from well-prepared 
working plans and specifications is 
needed. Careful attention to details is 
now required. 

5. The key to ‘‘good construction.”’ 
The best of materials and workman- 
ship must be specified, and then fol- 
lowed by strict attention to the plans 
and specifications during construction. 
The object should be getting what is 
called for in the manner or method 
called for. 

6. The key to ‘‘good management 
and operation.’’ The plant must be 
operated efficiently and consistently. 
A full return is expected for the money 
invested; anything less will not be ac- 
ceptable to the investors or the public. 


Reference 

1. ‘‘Municipal Sewer Ordinances.’’ Manual 
of Practice No. 3, Fed. of Sewage 
Works Assns. (1949). 
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The 


treatment 


new Columbus, Ohio, 


plant went into partial op 


se 


eration in November, 1937, with the ae 
tivated sludge section, including the 
aerators, being placed In Operation in 
August, 1938 These aerators, of 
which there are eight, are of the two 
pass conventional Y-wall type tank 
with 26-ft. width and 15-ft. water 
depth Each pass is 370 ft. long; the 


detention period at 50 m.g.d. with 30 
per cent returned sludge is computed 
to be 6 hr 

The air supply for activation in these 
tanks is through the medium of four, 


W hich 


two of 
two 15... 


blowers, 
21,000-e.f.m 


centrifugal 


have 


and 


capacity at 7.3 lb. discharge 

pressure, with air temperature at 
60° 

The diffusing medium for activation 

was composed of 12-in. square carbo 


rundum plates of 1-in. thickness hav 
ng a permeability rating of from 40 to 
to. These plates, arranged in two rows 
and with four each 


. totalled 1,328 


CTOSS diffusers in 


tank bay (see Figure 1] 


per tank. Grouted in place in precast 
oncrete containers, the plates were 
erved by means of an air main located 


n the trough of the tank division wall, 
with lateral risers connecting with the 
ffus nits on the tank bottom 
The air supply is filtered by means 


r screens and dry paper 


suction sick of the 
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ent Plant, ¢ imbus. Ohio 


first five years, but from 1943 on, diffi- 
culties developed which required in- 
vestigation and a search for a solution. 

So-called ‘‘ble ws,’’ indicated by 
areas of concentrated turbulence on 
the surface of the tank liquid, ap- 
peared. 
ber and 


These spots increased in num- 
intensity as time went on. 
Obviously this condition seriously im- 
peded the proper distribution of air in 
the tanks and caused practically insur- 
mountable difficulty in operation. 

After dewatering the tanks and hos- 
ing off the plates, inspection showed 
that in places the cement grout, in 
which the plates had been imbedded, 
had deteriorated, thus allowing the air 
to escape along the edges of the plates 
and causing a large volume of air loss 
with no diffusing effect. It was very 
difficult to locate each of these failures 
by visual observation and inspection 
of the dry plates, but by filling the 
tanks with water until the plates were 
submerged a few inches and turning 
the 
easily located and the plates marked 
for attention. 


on the air, defective joints were 


The first attempt at repairs was to 
carefully dig out the affected plate 
joints and refill them with ‘‘Embeco,”’ 
At the 
same time, all plates were serubbed 


an expanding cement mortar. 


with a solution of hydrochlorie acid to 
remove a deposit of lime and magne- 
sium salts accumulated on the surfaces. 
After allowing sufficient time for the 
mortar to set, the tank was placed back 
in operation. This method of mainte- 
that a tank be out of 
service approximately four weeks and 
after completing four tanks, the work 
was interrupted by other emergencies 


nanee required 
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AIR DIFFUSION WITH SARAN-WRAPPED TUBES 


FIGURE 1.—Aeration tank in process of alteration, showing original plate diffusers and 
new Saran-wrapped tube diffusers. 


and nothing was done to the other four 
until the following year. 

In the meantime, it was found that 
although the work done on the first 
units eliminated the ‘‘blows,’’ the dis- 
charge pressure on the blowers was in- 
creased. Further investigation showed 
that in spite of the air being filtered, 
an accumulation of dirt was evident on 
the bottom of the plates. This soon be- 
came another source of trouble, for 
with an increase of pressure from 7.3 
lb. to 8 or 8.5 Ib., not only was more 
power required, but also, due to the 
characteristics of the blowers, the large 
and small units could not be operated 
in parallel at this pressure. 

As a result, the air output was re- 
stricted to the capacities of the two 
large blower units, which at & to 8.5 Ib. 
pressure was but 39,000 ¢.f.m. total, a 
loss of 7 per cent in efficiency. 

Theoretically, under the existing 
conditions, this amount of air should 
be sufficient for a flow of 60 m.g.d., but 
faulty distribution through plate fail- 
ures in the unrepaired tanks and the 
recurrence of failures within a few 


months of unrepaired joints in the re- 
conditioned tanks, made it impossi- 
ble to handle even the designed capac- 
ity of 50 m.g.d. of flow through the 
units. 


Temporary Relief Measures 


The condition had to be relieved 
through some means as quickly as pos- 
sible, for by 1944 the flow to the plant 
had increased to between 60 and 65 
m.g.d. and it was evident that it could 
not be handled under such conditions. 
As a temporary relief, auxiliary con- 
nections were made to the air main 


risers and one row of perforated pipe 
was installed in each tank. 
This work was done in 1945, 
improvement 
though continuing joint failures badly 
upset the uniformity and efficiency of 
the diffusing units in a comparatively 


Some 


was accomplished, 


short time. In the meantime, it be- 
came evident that the over-all plant 
capacity would have to be increased to 
handle a continually increasing sewage 
flow. 
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Additions and Alterations 


Investigation and studies developed 
the need of certain other facilities, 
among which additional aerating units 
were considered. If the existing sys 
tem of fixed plate diffusers was to be 
was evident that an extra 


to allow for 


retained, it 
unit would be required 
one tank being out of service periodi- 
cally for and to 
handle increased flows of sewage. 

The cost of the additional unit was 
estimated at $400,000. From 


plate maintenance 


pre 
vious experiences, it was estimated that 
approximately $3,000 per year would 
have to be spent on plate maintenance 
Compared with this cost, the modifiea 
tion of the existing system to one using 
diffuser 
at $300,000 


swing units was estimated 
with the maintenance cost 
that for 


maintenance of th 


no more than normal opera 


tion and activated 


sludve section, as the units ean be re 


( ane or replat ‘ a by the op 
and as 


ing spare moments 


regular routine duties, 


without int nterfering 


with the 


rrupting or 
individual 


tank or the plant as a whole 


ope ration of the 


‘herefore, plans were prepared and 


bids taken to modifs the plate and con 


tainer svstem to one using swing dif 
Tusers W tt ceramic tubes The low 
bid. after adjustment, amounted to 
£312,000. This figure resulted after 
deleting from the contract an item call 
ing for removing the existing plates 
and containers The plates were r 


the containers 


forces 


I} ontract was awarded in Sep 
tember, 1947 Ilowever, due to ma 
terial shortag 


es it was not until May, 


1948, that work was under way In 


the meantime, a request was made to 
substitut Saran-wrapped tubes for 
the ceramic tubes specified 

Inasmuch as this type of tube was 
new on the market, verv eareful inves 
tigations were made of their diffusin 
yualit resistant to a and alka 
itt solu tis ind resistances ba 
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terial action From these investiga- 
tions it was concluded that this type of 
tube was equal in all respects, and su- 
perior in many respects, to the ceramic 
type tube as specified. Consequently 
they were accepted for installation. 
Work proceeded from May through 
September, 1948, at which 
contract was completed. 


time the 
Two tanks at 
a time were taken out of service and 
equipped with the modified diffusing 
system (Figure 1). As fast as the con- 
versions were finished the tanks were 
placed in actual service. 


Results with Saran-Wrapped Tubes 

Beneficial results were evidenced im- 
mediately in lower air pressure on the 
blowers, more uniform distribution of 
the diffused air (Figure 2), and the 
ability to operate the units while main- 
taining good aerobic conditions at an 
increased capacity of 20 per cent over 
designed rate of flow 
through the tanks. For the period of 
September through the middle of De- 
cember, 1948, the units were loaded to 


average 


the original 


rating of 60 m.g.d., against a 
designed rating of 50 m.g.d., without 
any trouble. This was accomplished 
handicap of having 
available only one-half of the primary 


with a serious 
settling tank capacity, as modification 
work was being carried on simultane- 
ously on these units. 

From December 15, 1948, through 
April 15, 1949, the entire plant had to 
be shut down while the newly con- 
structed grit collectors were being cut in 
to the intercepting sewer and the sewer 
itself cleaned of accumulated grit. In 
the meantime, to save power costs, the 
blowers were shut down and the aera- 
tion tanks were drained, leaving about 
ft. of water in the tanks to protect the 
iffuser tubes from freezing during the 
winter. Air through the 
only once a week to discourage 


d 


was blown 
systen 
slime formations on the tubes. 

When the plant was placed back in 
operation on April 15, it was immedi- 
ately noted that the air main pressures 


had inereased about 1.5 lb. over what 
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AIR DIFFUSION WITH SARAN-WRAPPED TUBES 


FIGURE 2.—Aeration tank in operation following modified installation, showing 
uniformity of air distrilsution. 


they were before the plant was shut 
down. Investigation showed the tubes 
to be coated with a dun colored, clay- 
like material, which dried readily when 
exposed to the air. 

It looked like a simple matter of dry 
brushing the tubes to clean them; this 
was done. All tubes were raised, dried 
and brushed in place, alternate units 
being raised in each tank so that at no 
time was the tank out of service. The 
dry brushing reduced the discharge 
pressures about 0.75 Ib., but they 
started to build up again within a 
couple of months. 


Sand Caused Coating 


In the meantime, the source of the 
coating material was investigated and 
finally discovered to be right in the 
tanks themselves. When the diffuser 
plates were removed, the conerete con- 
tainers were left in place and, at the 
suggestion of interested parties, were 
filled with washed sand, it being 


thought that possibly organic material 
would settle in the containers, decom- 
pose, and place an extra load on the 
unit. 

Analysis of the coating material 
showed it to be 90 per cent silica, which 


gave the clue that the sand, in combi- 
nation with organic matter, had caused 
the trouble. When the tanks were 
drained the sand was found every- 
where but in the containers, proving 
that fears of organies settling there 
were unfounded. Therefore, all the 
sand was removed from the tanks. 


Removal of Residual Coating 


Experiments to determine the best 
method of removing the ceramic coat- 
ing not dislodged by brushing, devel- 
oped into a simple soaking of the tubes 
for approximately 12 hr. in a 3 per 
cent solution of sodium silicate plus a 
non-ionic detergent, after which the 
tubes were passed through a high-pres- 
sure water jet, which completely re- 
moved the softened and loosened ma- 
terial from between the cords. 

Using the facilities at hand, provi- 
sions were made for a tube-cleaning 
project. All of the tubes in the tanks 
(some 6,400) were removed in batches 
of 200, soaked, and cleaned. This op- 
eration was not completed until Sep- 
tember, 1949, due to the necessity of 
starting from scratch on a problem un- 
familiar to all. 

The controlling factor as to the speed 
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with which the cleaning could be ac 
complished was found to be in the pro 
The soaking tank 
was built large enough for 
only 200 tubes, which restricted treat- 
ment to only 400 tubes per day. How- 
ever, a larger tank would permit up to 
800 tubes per day to be cleaned in this 


visions for soaking. 


Figure 3 


manner, as the jetting operation takes 
only the time required to remove the 
tube from the tank and pass it quickly 
through the jet—less than 1 min. per 
tube 

Some tubes were found to be stained 
with iron compounds. These were im- 
10 per cent hydrochloric 
then 
passed through the jet again. Only 
about 10 per cent of the tubes had to 
be treated thusly 

Out of batch of 100 tubes 
cleaned, two tubes were selected at ran- 
dom and tested for loss under 6 eu. ft 
They were required 

of water pressure 


mersed in a 


acid solution for about 30 sec., 


each 


per min, air flow 

to test within 1 in 
of that established for a new tube. If 
they failed to meet this test, the batch 
from which they were selected was held 
and put through the 


ont, resoaked, 
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process again. Only two batches failed 
to meet the test requirements. Among 
other things, the test gave an indica- 
tion that the strength of the soaking 
solution had been depleted and needed 
renewing. 

It was found that three batches, or 
600 tubes at the useable capacity, was 
about all that could economically be 
gotten out of each batch of soaking so- 
lution. However, a system of recireu- 
lation of the solution in the tanks has 
now been installed. This not only cuts 
the soaking time 25 per cent, but also 
extends the use of the solution to four 
batches. Also, an improved type of 
jet, which flushes the tube inside as 
well as on the outside, has been con- 
structed. In the tests thus far run the 
new jet has proven quite satisfactory. 

When the tubes were once cleaned as 
described, the pressure on the distrib- 
uting system immediately dropped to 
6.75 lb. when passing approximately 5 
e.f.m. of air per tube, or exactly what 
it was when the tubes were new and 
just installed. However, a gradual 
build-up in pressure occurred over a 


6-month period. A sustained increase 


FIGURE 3.—Plant-made facilities for cleaning Saran-wrapped tubes, showing soaking 
tank (left) and high-pressure jetting device. 
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AIR DIFFUSION WITH SARAN-WRAPPED TUBES 


FIGURE 4.—Unit raised for accessibility, showing method of jetting in place to remove 
loose coating materials. 


of approximately 0.75 lb. has been 
found to be an indication of tube eclog- 
ging on the outside. When this limit 
is reached the units are raised and 
cleaned of their baeterial jelly coating. 

This is done by means of a high-pres- 
sure water jet (Figure 4) developed 
at the plant. The jet, which is in the 
form of a ring having perforations on 
the inside face, is connected to a high- 
pressure water hose and passed over 
each tube separately, the tube remain- 
ing attached to the header pipe. The 
air pressure is left on the tubes while 
they are being jetted. 

The ‘‘jetting in place’’ has a very 
beneficial effect on the pressure, reduc- 
ing it as much as 0.5 lb. From all in- 
dications it does not, however, clean 
the tubes to new tube rating. It is 
estimated that probably every two or 
three years, the tubes should be re- 
moved from the tanks, soaked in the 
solution, and jetted to return them to 
new tube performance. Experience 
will tell the frequeney with which this 
must be done. 


Cost of Cleaning Tubes 


Recently connections were installed 
in the air supply piping at various lo- 
cations in the aerators and readings 
are being taken periodically to deter- 
mine air flow and pressure losses, in 
order to establish the rate of build-up 
of pressures and whether the build-up 
is faster in one part of a tank than an- 
other. These data are expected to be 
useful in establishing a regular sched- 
ule of cleaning operations. 

From this information also, it is ex- 
pected to be able to balance the cost of 
cleaning operations against the in- 
creased power costs due to the higher 
pressure. It will then be known 
whether to jet in place, or remove, 
soak, and jet the tubes to original head 
losses, and how often one or the other 
should be done. 

From the data collected during the 
first attempts at removing, soaking, 
and jetting the tubes, it cost 10¢ per 
tube to clean them to practically new 
To raise the units 


tube performance 
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and partially clean the tubes by jetting 
in place cost abe ut per tube 


Assuming the tubes must be re 
Jetted, and replaced 
once every two years, and the 


must he 


moved, soaked, 


units 
raised and cleaned in place 
wice a year, it will cost 10¢ 2 = 54 
per tube per year for the biennial re 
moval 
2 t¢ per tube per year for the semi 
annual jetting in place. Thus, the total 
per tube 
Cleaning of the plates every 


soaking, and jetting. plus 2¢ 


Cleaning cost is 5é 4 i¢ 
per vear 


four vears 


requires that two of the 


FEDERAL LOANS FOR OHIO 


Interest-free loans from the federal 
government totalling almost $2,000,000 
Will advance installation of sewage dis 


posal facilities serving 105 communi 


Ohio Valley 
nounced recently 


ties in the This was an 


by the Ohio River 
Water Sanitation Commission, 
Which represents eight states engaged 
i a& joint campaign for the conserva 
tion oF water resources by pollution 
control 

The loans 


which were approved by 
the UL S 


Housing and Home Finanee 
rhe y, are he employed to prepare 
| s for 47 sewer and treatment plant 
projects in the Cost of 


pleted projects is estimated at 
£10? 000 


eight states. 


Commission officials state 


that construction of these 


projects, 
wWwhiel Wiil serve almost 16 per eent of 
al population of the valley, will 


nificant reduction in the 


now being discharged 
into Ohio Valley streams 
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eight aeration tanks be done each year, 
involving 2.660 plates at a total cost of 


$3,000, or 


per tank, doing more work than was 


formerly done by 1,330 plates. 


No attempt has been made to apply 


the fixed charges incurred by reason 
of the additional cost of the modifica- 
tions. It is self-evident that it would 
be more expensive to provide addi- 
tional aeration units to obtain the same 
flexibility and capacity afforded by the 
present installation, 


VALLEY SEWAGE PLANNING 


The breakdown, by states, of proj- 
ects and loans for communities in the 


Ohio Valley shows that Illinois has re 
ceived $26,000 for two projects; Indi- 
ana, $445,000 for 17 projects: Ken- 
tucky, $76,000 for 5 projects; Ohio. 


$495,000 for 1] projects 


; Pennsylvania. 
$657,000 for 5 | 


rojects Virginia, $6,- 
000 for 1 project; and West Virginia, 
$181,000 for 6 projects 

The largest single advance was $500, 
000 to the Allegheny County (Pa.) 
Sanitary Authority, which is design- 
ing an intercepting sewer system and 
a huge treatment plant. Estimated 
cost of the project is $59,000,000, The 
system will treat the wastes from 59 
municipalities, ineluding 
and 30 industries 


Pittsburgh, 


Youngstown. Ohio, received the see- 
ond largest advance $265,000—for an 
estimated $9,000,000 construction pro- 
gram, including an interceptor sewer 
system and treatment plant. 
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$1.12 per plate per year. 
Furthermore there are only 800 tubes 


Rie, 
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STUDY OF THE NITRIFICATION PHASE OF THE 
B.0O.D. TEST * 


II. Development of an Incubation Vessel for Multiple 
Determinations 


By A. M. IRENE VAN Meter, ann J. R. GerKE 


Illinois State Water Survey, Urbana, Il. 


There has been ample evidence in 
B.O.D. work that reactions occurring 
in different bottles, supposedly with 
as nearly duplicate contents as possi- 
ble, do not necessarily proceed at the 


same rate. A study involving the 
quantitative relationships existing be- 
tween the reactants and products 


would, therefore, necessitate that sam- 
ples for the determination of these sub- 
stances be taken from the same bottle. 
The dissolved oxygen test, however, re- 
quires a full bottle of sample, thus pre- 
cluding the possibility of making other 
tests on the same culture when incu- 
bated in the B.O.D. bottle. 

Three possible solutions to this prob- 
lem are suggested: 


1. Manometrie procedure. 

2. Transfer of dissolved oxygen sam- 
ple. 

Two-compartment incubation ves- 


sel, 


Manometric Procedure 


Probably the first attempt at the 
use of the manometric or direct oxygen 
absorption technique for the determi- 
nation of the oxygen requirements of 
the biological processes involved in 
waste treatment was made by Adeney 
(1) in 1908. Sierp (2) in 1928, fol- 
lowed by Symons and Buswell (3) in 
1929, also experimented with this pro- 

* This work was carried out under U. 8. 
Publie Health Service Research Grant 2141 
(formerly 762-C) to the Illinios State Water 
Survey. 
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cedure. Burtle and Buswell (4) (5) 
made a comparison of the permanga- 
nate oxygen demand, the dilution B.O. 
D., and direct absorption as deter- 
mined by the Nordell Odeeometer. 
More recently, studies along this line 
have been conducted by various inves- 
tigators such as Heukelekian (6), Falk 
and Rudolfs (7), Caldwell and Lange- 
lier (8), and Dawson and Jenkins (9) 
(10). Their reports indicate that the 
equipment required is rather costly. 
The accuracy, in general, is satisfac- 
tory for sewage and industrial waste 
B.O.D. determinations. However, the 
procedures would require considerable 
modification and refinement for a study 
of the precise quantitative relation- 
ships involved in nitrification, in which 
it is necessary not only to determine 
oxygen uptake, but also to determine 
nitrogen balance during successive pe- 
riods of incubation. 


Transfer of Dissolved Oxygen 
Sample 


A second method by which dissolved 
oxygen and additional determinations 
might be made on the same culture is 
by the use of Ruchhoft’s (11) pro- 
cedure; namely, incubating in 500-ml. 
flasks and subsequently transferring 
the dissolved oxygen sample by siphon- 
ing from the flask into a regular B. O. 
D. bottle. As a transfer introduces 
the possibility of altering the concen- 
tration of dissolved oxygen in the sam- 
ple, a group of experiments was de- 
vised to determine the magnitude of 
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error introduced by transferring at 
medium and low oxygen concentrations 
in the presence of air and in the ab- 
dioxide ob 
was used in the 


first two experiments, and compressed 


sence of air. Carbon 


tained from dry ice 


nitrogen in the last two experiments as 


the (AS 


Proce dure 


The sodium azide modification ot 


the Winkler test (12 


termine dissolved oxygen in all experi 


was used to de 


ments. Five liters of boiled and cooled 
water were aerated to the desired oxy 
gen concentration in a reservoir (8-] 
bottle 


was to make available a supply of wa 


The purpose of the reservoir 


ter with constant dissolved oxyyen 
level. In order to prevent further 
aeration of the water, the air above 


was replaced by the replacing gas 
The extinguishing of a burning splint 
was the criterion of replacement of air 


While draw 


ing samples from the reservoir, this 


by the gas in all cases. ) 


gas was admitted through the gas inlet 
Figure 1) 
By slow siphoning to prevent splash 
ing, samples for each experiment were 


Replacing gas 


( inlet 
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drawn from the reservoir into bottles 
or flasks filled with the replacing gas. 
The first three samples were drawn 
into B.O.D. bottles, the next six into 
900-ml. ground-glass-stoppered flasks, 
and the last two into two more B.O.D 
bottles. The purpose of the first three 
samples drawn into B.O.D. bottles (A) 
was to determine the dissolved oxygen 
level in the six 500-ml. flasks. How 
ever, analysis of the results of a pre 
liminary experiment indicated that the 
dissolved oxygen concentration of suc 
cessively drawn samples decreased by 
a small but significant amount. This 
was due to loss of dissolved oxygen to 
the ‘‘replacing gas’’ in the reservoir 
The last two samples in B.O.D. bottles 
(A‘) were taken to determine the ex 
tent of decrease in dissolved oxygen 
throughout the experiment. The six 
500-ml. flasks were divided into two 
groups, the first three drawn and the 
second three drawn. It was possible to 
compute the average dissolved oxygen 
soneentration in each of these two 
groups by straight-line interpolation 
between the average concentration of 
the first three B.O.D. bottles (A) and 
the last two (A’‘). The computed aver 
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FIGURE 1.—Method of drawing dissolved oxygen sample. 
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TABLE I.—Interpolation to Determine 
Dissolved Oxygen (in p.p.m.) 


COs Experiments 
No. 2? 
3.73 
3.81 
3.71 
3.75 
3.58 
3.60 
3.59 
3.70 | 
3.65 | 


| 


‘ Low oxygen concentration. 

* Intermediate oxygen concentration. 
* Average. 

‘ Interpolated. 


age for the first three 500-ml. bottles 
is termed B’, and for the second group, 
C’ (See Table L.) 

To determine the effect of transfer- 
ring a dissolved oxygen sample into a 
bottle filled with the replacing gas, 
samples from the first three 500-ml. 
bottles were siphoned into three B.O.D. 
bottles containing the replacing gas. 
The average dissolved oxygen concen- 
tration for these is designated as B. 
Since B is less than B’, as shown in 
Table II, there was a loss in dissolved 
oxygen due to transferring in the pres- 
ence of the replacing gas. 

To determine the effect of transfer- 
ring in the presence of air, samples 


TABLE II. Effect on Dissolved Oxygen (in 
p.p.m.) by Transferring in Presence 
of Repiacing Gas 


Experiments | Ne Experiments 
Samples 


No. 1 No.2 {| No.1 No. 2 
B, 1.51 3. 
B 1.41 3 
B, 1.45 3. 
B (av.) 6 | 


5.20 
5 | 5.25 


5.23 


5.23 


B’-B (av.)' | 0.05 0.13 0.10 


1 Loss in D.O. 
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from the second three 500-ml. bottles 
were siphoned into B.O.D. bottles con- 
taining air. The average dissolved 
oxygen concentration for these is des- 
ignated as C. Sinee C is greater than 
C’, as shown in Table III, there is a 
gain in dissolved oxygen due to trans- 
ferring in the presence of air. 

After examination of these data, the 
following conclusions were reached: 


1. In transferring a sample of wa- 
ter from one flask to another in the 
presence of air, the gain of oxygen can 
be significant when errors in the order 
of a 0.1 p.p.m. eannot be tolerated. 
This error is inversely proportional to 
the concentration of dissolved oxygen ; 
however, the amount of gain is variable 
with the conditions of the individual 
experiment and is not predictable. 


TABLE IIl.--Effect on Dissolved Oxygen (in 
p-p.m.) by Transferring in Presence of Air 


| 
CO» Experiments | Ne Experiments 


Samples 

No 1 | 

C | 1.60 | 

C; 1.61 | 
1.61 

C (av.) 1.61 | 


C (av.j-C" 0.09 


‘Gain in D.O. 


2. In transferring a sample of wa- 
ter from one flask to another in the 
presence of carbon dioxide or nitrogen, 
the loss of dissolved oxygen is likewise 
significant and proportional to the con- 
centration of dissolved oxygen; how- 
ever, the amount of loss is variable 
with the conditions of the individual 
experiment and is not predictable. 

3. In this experiment there was no 
significant difference in the loss of dis- 
solved oxygen between samples han- 
dled in atmospheres of carbon dioxide 
and those in nitrogen. 


Two-Compartment Incubation Vessel 


As previously pointed out, the dis- 
solved oxygen test requires a full bot- 


rag 
in 500-ml. Flasks 
N: Experiments 
No. |! No. 2? 
1.03 | 5.40 
\ 1.00 | 5.36 
\ 5.35 
| 1.03 5.25 
| A’, | 0.96 | 5.25 Moe 
A’ 0.99 | 5.25 
1.01 | 5.33 
ne 
2 2 No. 1 No 
: 3.68 | 1.12 | 5.30 Bak 
: 3.65 | 1.12 | 5.50 = 
3.61 | 1.18 | 5.30 
| 3.65 | 1.14 | 5.37 a6 
0) | 0.02 | 0.08 
| 
| 
j 
. 

| | 
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tle of sample, permitting no samples 
of this culture for the other determina- 
tions, and, as the above experiment 
demonstrated that an error of uncer- 
tain magnitude is introduced by trans- 
ferring the dissolved oxygen sample, a 
two-compartment incubation vessel or 
double bottle’’ was devised. 

This two-compartment vessel or 
‘*double bottle’’ (Figure 2) consists of 
a $00-ml. Erlenmeyer flask with a fe 
male 19°38 ground-glass joint, into 
which was inserted the male joint of a 
200-ml. bulb with 19.38 joints on both 


200 mt 
| 

\ 


FIGURE 2.—Two-compartment incubation 
vessel. 


ends (one male and one female The 
stopper was fashioned from a 19/38 
male joint. A standard B.O.D. bottle, 
the neck of which has been ground to 
wcommodate a male 19/38 joint, can 
be substituted for the 300-ml. flask 
lo sample a culture in such a bottle, 
the top bulb is removed and held over 
| a full bottle of sam 
ple for the dissolved oxygen determi 


a beaker 


nation and at the same time the con 
tents of the bulb are available for am 
monia, nitrite, and nitrate determina 
tions 
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In a preliminary series, it was found 
that when nitrification was incomplete 
and no attempt had been made to mix 
the contents of the two compartments, 
as much as 300 per cent more nitrite 
might be found in one compartment 
than in the other 

Mixing presented a problem, in that 
the bottle could not be opened without 
changing the dissolved-oxygen concen- 
tration. Simple inversion failed, as 
there was not significant difference in 
the densities of the solutions. A mag- 
netic stirrer failed as it did not pro 
vide a top-to-bottom-to-top motion. If 
small, clean glass beads (2 mm. with 
hole) or clean sand are added, they 
pass from one compartment to the 
other on inverting the apparatus, and 
produce complete mixing For ex 
ample, when 30 ml. of the small beads 
were placed in the double bottle (total 
volume approx. 500 ml.) and NaNO 
solution was added to the top of the 
bottle, the following was the result: 


Difference in NO: Cone 


Complete Inversio ns between Top and Bottom 
of Double Bottle (¢ 
15 5 
20 2 
30 | 


Similar results were obtained with 25 
ml. of quartz sand as mixing agent. 

Inasmuch as the relative difference 
in NO, concentrations between top and 
bottom would be less in actual prae- 
tice, it was concluded that 30 inver- 
sions with the small beads or sand 
would be satisfactory. As sand was 
available, 25 ml. of rigorously cleaned 
sand per bottle and 30 complete inver- 
sions were used in the experiments. 
During incubation, daily inversions 
were also necessary to insure uniform- 
ity throughout the culture. 

Prior to opening for sampling, the 
bottle is inverted to allow the sand to 
flow to the upper compartment. Then 
the bottle is returned to as nearly an 
upright position as possible, still per- 
mitting the sand to remain in the up- 
per portion while separating the two 
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parts. With a little practice it is possi- 
ble to rapidly carry out this operation 
without the introduction of air bubbles 
in the upper layer of the dissolved oxy- 
gen sample. One operator adds the re- 
agents to the sample, while the other 
one removes the stopper from the top 
section and inserts it into the lower 
section immediately after the reagents 
have been added. 


Summary 


Both in routine and research B.O.D. 
studies, it is often a decided advantage 
to be able to make, on the same B.O.D. 
culture, other determinations in addi- 
tion to that of dissolved oxygen. Un- 
der existing conditions, the manometric 
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or direct oxygen absorption procedure 
was not feasible for the problem of de- 
termining the quantitative relation- 
ships involved in nitrification. The 
use of a large container and transfer- 
ring the dissolved oxygen sample has 
been shown to lead to an error of the 
order of 0.1 p.p.m. dissolved oxygen. 
Although this is satisfactory for some 
purposes, the precision is inadequate 
for determining oxygen and nitrogen 
balances. A two-compartment incuba- 
tion vessel which overcomes these ob- 
jections is described. The construc- 
tion of the vessel is simple and the 
method of operation described is easy 
and rapid and avoids the errors of the 
other procedures. 
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Industrial Wastes 


APPLICATION OF pH MEASUREMENT AND CONTROL 
TO INDUSTRIAL WASTES * 


By W. N. GREER 


Technical Staff, Leeds and N« 


The use of pH measurements on in 
into two 
continu 


dustrial wastes resolves itself 
primary considerations I 
ous recording of pH, whether of raw 
or treated 


and (2) automatic 
control of 


waste: 
neutralization, or 


The first, satisfactory 


some spe 
cific treatment. 
continuous pH recording, must be ca 
pable of accomplishment if automatic 
control is to be applied Two prob 
lems are thus presented for considera 
tion; namely, what are the factors af- 
fecting continuous pH recording and 
what are the factors affecting auto 
matic pH control? 


pH Recording 


The continuous recording of pH pre 
sents no problem, except in certain 


types of solutions or wastes carrying 
suspended material, which might ad 
here to the pH elements 
vlass els etrode or 


Any 
adhere to the 


responsi e 
reference elee 


trod material which would 


electrodes and prev ent 


the waste solution from coming into 
direct and intimate contact with the 
elements would render the equipment 


inoperative until removed, permitting 
into direct 


Such 


avain come 
ontact with the 


material could be oil, precipitated cal 


elect rodes 


cium sulfate, or other suspended ma 


terial Under conditions where such 


* Presented at 24th Annual Meeting 
iw Industria Wastes Tres 
Confer ‘ Cincinnati, Ohio; June 


thrup Co., Philadelphia, Pa 

material is present, the user is faced 
with two possibilities: (1) clean the 
elements on some predetermined sched- 
ule; or (2) forego the use of pH re- 
Fortunately, not 
too many wastes are encountered where 
these factors are a problem. At the 
same time, they should be appreciated 


cording equipment 


by potential users. 

available for 
treating tanks, sewers, etc., 
and multiple-point re- 
corders, which can be mounted at any 
hundred 
Mainte 


Devices are measure- 
ments in 
both as single 
distance (several 
detectors 


reasonable 


feet from the 


FIGURE 1.—Immersion type electrode 
unit for pH measurement. 
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FIGURE 2.—Flow type electrode unit for pH measurement. 


nance, exclusive of the cleaning previ- 
ously noted, is practically nil. An im- 
mersion electrode unit, such as might 
be used in a sewer or directly in a re- 
action tank or basin, is shown in Fig- 
ure 1. A flow type, for a continuous 
test sample supplied by gravity or 
pumped, is shown in Figure 2. 


pH Control 


The factors affecting automatic pH 
control are: 

1. Flow rate and rates of change of 
flow. 

2. Acidity and rates of change of 
acidity of raw waste. 

3. Retention and distribution of re- 
tention in the treating system. 

4. pH control point, or range of al- 
lowable pH of treated effluent. 

5. Agitation. 

6. Rangeability of feeding 

7. Detection lag. 


devices. 


These factors are not listed in their 
order of importance. They are all in- 
terrelated; under some conditions one 
might be very important, whereas un- 
der different conditions it might be 
much less important. 


Agitation 


The necessity of thorough mixing of 
reagent with waste, prior to measure- 
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ment, is too often unappreciated. Cer- 
tainly, if a true measurement is to be 
made, a uniformly mixed and reacted 
sample must be supplied to the elee- 
trode assembly. Because automatic 
control is dependent on the measure- 
ment, and further, as will be noted 
later, a high degree of agitation for all 
practical purposes eliminates any lag 
in the treating tank, the importance of 
good agitation becomes increasingly 
important. 


Flow 


As the flow rate, and, therefore, the 
quantity of material to be treated, is a 
factor in determining the size of re- 
agent feeding device required, and is 
also a factor in determining the reten- 
tion required in the treating system, 
flow rates are an important factor. 

The rates of change of flow, particu- 
larly any changes that take place from 
one minute to the next, or in short pe- 
riods of time, are a factor because they 
are an influence in determining the 
rate at which the treated material 
could change, or the rate at which re- 
agent feed should be increased or de- 
creased. 

It should be noted, however, that re- 
agent feed requirements resulting from 
dow rate changes are handled by pH 
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control in the same manner as feed re- 
quirements caused by acidity changes. 
In ier words, it 18 not necessary to 
control the feed from a flow controller 
In fact, 


vive no indication of feed requirements 


flow measurements on wastes 
under the condition normally encoun 


tered where acidities vary independ 


entiv of flow rates 


wdity 


It probably is unnecessary to state 
that the acidity of the waste to be 
treated is an important factor in pH 
control. Of perhaps more importance, 
is the rate of change of acid- 
factor often 
attention. It is the 
of change of acidity in short 
minute to minute 
determines the degree of con- 


however 
ity to be encountered, a 
viven insufficient 
rate 
intervals which 
largely 
trol to be obtained in a given treating 
system At high 


to 10 per cent, a relatively slow rate 


acidities, such as 1 
of change can be as disturbing as a 
fairly high rate of change at low acid 
ity, such as at pH 38 to 4. It is the 
actual acidity change per minute which 
must be considered in laying out the 
pli control stem 


neutralization in an 


were possible to carry out the 
infinitely large 
no control would be 
other 


retention is 


treating system, 


required The where 


the mH 


extreme, 
himum available 
he least 


are presented, is a pipeline 


desirable control pos 
In between these extremes is 
an optimum re vyiven 


wast The 


tention for any 
capacity should not be so 
large that it cannot be adequately agi 

It occasionally develops that it 
is desirable to split the 


retention into 


two or more tanks in series in order to 


retention required, 


control over ré ot 


as will be shown later 


tion lag ina system 18 con- 


sidered to be the time interval between 
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a change in the reagent feed and the 
initial recorder response to this changed 
feed. 
only to recorder changes, it is neces- 
sary that this detection lag be short. 
On pH 
means lags in excess of 1 min. 

In most neutralization reactions the 
rate of reaction of with the 
waste is essentially instantaneous (an 
exception to this, which will be re- 
ferred to later, is that of high mag- 
nesia lime). This, when coupled with 
a high degree of agitation, reduces the 


Because the control responds 


control systems this seldom 


reagent 


detection lag in the normal system to 
the time required to deliver the re- 
agent from the controlling device to 
the reaction basin, plus any time re- 
quired to deliver a treated sample to 
The feeding 
device and the detecting element can 
usually be so located that the over-all 
lag is somewhere between 0.5 and 1.0 
min., 


the electrode assembly. 


which are favorable values. 


Control Point 


A pH control system is one of the 
few types in which the control point is 
a factor in the process controllability. 
less obvious from a 


This is more or 


sonsideration of the relation between 
acidity and pH as shown in the follow 


ing 


Acidity 


0.1 

0.01 
0.001 
0.0001 
0.00001 
0.000001 
0.000000 1 


Controllability in terms of pH is rela- 
tively easy when the control is a low 
value (such as pH 2 or pH 3) and 
correspondingly more difficult as the 
control point approaches pH 7. A 
given change in acidity results in a 
much smaller pH change at low pH 
values than it does at or near pH 7. 
It is the logarithmic relation between 
pH and acidity which makes it neces- 


sary to consider the value of the con- 
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trol point when determining the proe- 
ess controllability. 


Controllability 

The influence of some of these fac- 
tors can be better appreciated by con- 
sidering the relations illustrated in 
Figure 3. Assume an acid waste at a 
constant flow rate is being treated in 
an agitated tank as illustrated at the 
upper right in Figure 3, and that the 
treated waste is being maintained at 
some constant value through controlled 
reagent feed. Also, assume that the 
acidity of the raw waste instantly 
changes to some new concentration. 
The acidity that exists in the tank at 
any time, ¢ (abscissa), after the in- 
fluent changes to the new value can be 
determined if the retention factor, r, 


of the tank is known (ratio of volume 
to flow rate). The ordinate in Figure 
3 is the percentage retention of the 
original (controlled) concentration. 

It is obvious that at an infinite re- 
tention factor there is no change in 
the acidity in the tank, and that at re- 
tention factors less than 1, particularly 
after 1 min., the concentration in the 
tank approaches that of the new in- 
fluent concentration. Knowing the 
factors involved, it is possible to cal- 
culate the deviation from a_ control 
value that will occur with a known 
change in the raw influent. Or, it is 
possible to calculate the retention re- 
quired to maintain the deviation within 
a prescribed limit. If the raw influent 
acidity changes at some finite rate, 


FIGURE 3.—Theoretical control function of retention tank. 
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FIGURE 4.—Control at reduced pH (left) to allow for reaction lag in retention 
tank (right). 


rather than instantaneously, it is pos- 
sible to make similar calculations. 

If the required retention is greater 
than can be satisfactorily agitated, it 
then becomes necessary to use two or 
The value of this 
each 


more tanks in series. 
that 
tank, due to the effect of its retention 
factor, slows down the rate of change 


arrangement is succeeding 


of acidity, and the proper number of 
tanks of 


requisite size will produce a 


waste to the control chamber which 
can be maintained within the pre- 
scribed limits 

Mention has been made of the de 
layed reaction when using high mag 
nesia lime. In those cases in which 
the retention factor is less than the 
time required for completeness of re- 
action (about 15 min.), it is necessary 
to carry out the control at a lower pH 
than the desired final effluent value, 
and allow for the subsequent pH in- 


crease resulting from completion of 
the reaction. Figure 4 shows the ree 
ords from such a control. The curve on 


the left is the controlled pH at a value 


of 4.8; the curve on the right is the cor- 
responding value in a following reten- 
tion tank where the reaction reaches 
completion. The variations in the lat- 
ter curve are due to the fact that the 
shift in pH with subsequent reaction 
inereases with higher raw waste acid- 
ity and correspondingly higher lime 
dosage. The raw waste in this spe- 
cific ease varied from zero to about 2 
per cent. 


Control Equipment 


It is not the purpose of this paper 
to present controlling devices. Suf- 
fice it to say that standard equipment 
is available for controlling the feed of 
various reagents (caustic, soda ash, 
lime) either in solution, as a liquid, or 
dry, by means of electrical or pneu- 
matic operation. This applies not 
only to pH control of neutralization, 
but oxidation-reduection con- 
trol such as used in the treatment of 
chromic acid by means of ferrous sul- 
fate or other suitable reagents 


also to 
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WASTE DISPOSAL AT A MODERN BREWERY * 


By RuBpen SCHNEIDER 


Brewmaster, Lucky Lager Brewing Company, Azusa, Calif. 


The Lucky Lager Brewing Company, 
having been advised by the Los 
Angeles County Engineer’s office that 
the sewage facilities in the City of 
Azusa, Calif., were wholly inadequate 
to meet a brewery’s requirements, was 
confronted with the choice of moving 
to another building site or developing 
suitable industrial waste disposal fa- 
cilities of its own. The company had 
logically chosen for its 1948 .expan- 
sion in Southern California a 37-acre 
tract in the northwest section of Azusa 
because of the locality’s excellent wa- 
ter for brewing purposes, transporta- 
tion facilities, and sound structural 
foundation. Consequently, the brew- 
ery decided to build its own disposal 
plant. 

The sewage treatment plant of the 
City of Azusa was originally designed 
and constructed in 1940 to serve a 
maximum population of 7,500, or for 
the treatment of an estimated maxi- 
mum daily sewage flow of 450,000 gal. 
The present population of Azusa is 
approximately 11,000, which in itself 
indicates that the city is incapable of 
assuming additional load on an already 
overburdened sewage treatment plant. 

To obtain information relative to 
the quantities and characteristics of 
industrial wastes produced by a mod- 
ern brewery, the Lucky Lager Brew- 
ing Company decided to use its San 
Francisco plant as a guide. For this 
purpose, the firm of Brown and Cald- 
well was engaged in a consulting ca- 
pacity. The information obtained was 
augmented with additional data and 


i. Presented at 1950 Annual Meeting, Cali- 
fornia Sewage Works Association; Long 
Beach, Calif.; May 3-6, 1950. 


utilized by the Holmes and Narver 
Company as a design basis for the pro- 
posed industrial waste treatment plant. 
On the basis of this study, it was as- 
sumed that for each barrel of beer 
produced, 13 bbl. of industrial waste 
water containing approximately 1.5 
lb. of B.O.D. and 0.8 lb. of suspended 
solids would require treatment. Other 
initial assumptions serving as design 
values are given in Table I, with com- 
parative actual operation values. The 
biological filter type of treatment plant 
was chosen as the most suitable for 
efficient and economical treatment of 
brewery wastes, and the high quality 
effluent, by virtue of its disposal 
through percolation beds to the under- 
ground water basin, was deemed a co- 
operative measure by the brewery in 
water reclamation. 


Nature of Brewing Process 


In the production of beer, an ex- 
tract of a malt and malt adjunct mix- 
ture is boiled in the presence of hops. 
The resultant ‘‘wort’’ is filtered to re- 
move the spent hops, and then cooled. 
Brewery yeast is added and _ the 
‘‘wort’’ fermented at controlled low 
temperatures. The freshly fermented 
beer is then properly aged, stabilized, 
filtered several times, and carbonated. 
The final processing step is packaging 
in cans and barrels or in bottles 
cleaned and sterilized in hot caustic 
solutions. 


Segregation of Brewery Wastes 

As a means of facilitating the study 
of brewery wastes, they are segregated 
into the following groups (see Table 


II): 
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1. brewers’ grains, amounting to ap- 
proximately 69.9 Ib 12.2 
lb. dry basis per barrel of beer pro 


duced, are 


wet basis or 


utilized as a 
constituent of 
they offer 


extensively 
very desirable dairy 
cattle feed Consequently, 
ho disposal problem 

2. Spent 2 |b. 
wet basis or 0.5 lb. dry basis per barre] 
of beer 


hops, amounting to 


produced, are presently sal- 
hauled to farm for 
use as an aid in soil reconditioning. 

and 


from 


vaged and lands 


3. Surplus yeast 


prote naceous 


substances denatured solutions 


during fermentation and storage 
amount to approximately 4.24 Ib. 
basis or 0.53 lb. dry basis per barrel 


of beer produced. All of the 


us material and yeast 1s completely 


wet 


protein 
acest 
reclaimed and shipped to a food proces 
if plant specializing in the manu- 
cture of vitamins and meat flavoring 
tracts from veast 
Rubbish 


Removed hy Disposal C'om 


panies 


er cake, consisting mainly 
weous earth and a mixture 


yeast cells, and hop resins, 


TABLE I. 


Factor 


(gal. /week) 
roduced (bbl. /week) 
vyater treated (gal week) 
water treated (gal gal. beer 
flow 


iverage 


operating days (g.p.d.) 
£.p.m.) 
max,” (g p.m.) 
total (p.p.m.) 
suspended (p.p.m.,) 
mh.) 
ad Ub. day) 
pulation equiv ilent* 


ypulation equiv. per bbl. beer 


pulation equivalent® 


pulation equiv per bbl. beer 


for 60 per cent of flow 


for total flow 
high as 600 g.p.m., depend 
ta per 


tly 


I 
per 


? 
Rit nex 
1 0.15 lb. per cap 


m O15 apita per 
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amounts to approximately 1 lb. dry 
basis per barrel of beer produced. To 
help minimize the digester load, the 
filter cake plus washings are removed 
from brewery premises by tank truck 
for safe disposal. 

2. Precipitated substances accumu- 
lated during stabilization of beer are 
similar to the filter cake washings 
They amount to approximately 0.12 
lb. dry basis per barrel of beer pro- 
duced and also are removed by tank 
truck. 

3. sottle 
from all 


and 
wastes of the 
bottle ma- 
chines are diseharged directly to an 
isolated reclamation 
system, thereby eliminating the possi- 


cleaning solutions 


caustic tanks 


cleaning and sterilizing 


caustic solution 
bility of injuring the biological flora 
of the waste treatment plant with a 
load of high pH influent. The caustic 
system, in the 
hydroxide which 


reclamation reducing 


amount of sodium 
would otherwise be discharged, is a di- 
rect aid in minimizing the sodium 
equivalent ratio of the effluent. All 
the reclamation 
system is removed by tank truck for 


sludge from caustic 


safe disposal 


Characteristics and Flow of Brewery Waste Water 


Initial Assumption | Actual Operation 


187,740 

1,807 6,055 

1,061,500 1,985,000 
13.2 O5 

310,000 335,000 

258 302 

430 435° 

G28 770 

220 200 

450 445 

1,163 1,242 

7,756 8,280 
10.2 8.11 

3,792 3,720 
4.9 3.64 


149,000 


ing on packaging operations 


: 
pes 
af 
¢ 
: 
> 
of diaton 
of proteims, 
Beer 
Wast 
W ast 
Aver 
Peak f 
Peak of 
Solid 
Solid : 
3.0.D. 
Based on 12 hr. 
Mere Based on 12 
Based 
Based 
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TABLE Il.—Analysis of Segregated Brewery Wastes 


5-Day B.O.D 


‘ Dry basis. 
* Based on N & 6.25. 
* Percentage of total solids. 


4 | Cale, to 100% 
| (ib. beer): (% (p.p.m ) 
as ’ Brewers spent grains 12.2 17.5 94.0 133,000 
. Spent hops and residue 0.5 21.5 99.9 237,000 
Filter cake 1.0 17.0 23.3 200,000 
= Stabilization sediment 0.12 28.0 | 78.0 1,180,000 
Surplus yeast 58.8 83.5 466,000' 
if Surplus yeast (washed)* 43.9 | 804 306,000 
: Surplus yeast (dead)* 83.5 233,000 
e Beer (filtered) 5.8 95.6 1,300,000 


* Based on dry yeast, each 35 X 10° yeast cells attributed to 0.466 grams B.O.D. and each 
pound of yeast attributed to 0.466 lb. B.O.D.; dilutions made from composite samples obtained 


from fermenting tanks. 


‘Sample concentrated and washed on Buchner funnel to remove all dissolved and soluble 


solids. 


*A 1 per cent dilution of initial sample boiled 1 hr. 


Disposal of Storm and Unecontami- 
nated Water 


All water from roofs and paved 
areas, as well as cooling water from 
pasteurizers, is discharged through a 
storm sewer system into an overflow 
percolation basin located on the brew- 
ery premises. 


Disposal of Sanitary Waste 


All waste from toilets, wash basins, 
and other plumbing fixtures is dis- 
charged through a sanitary sewer sys- 
tem to the municipal sewer system and 
sewage treatment plant. 


Disposal of Industrial Waste Water 


The industrial waste water from the 
brewery consists mainly of washings 
from processing tanks and equipment, 
drainage from spent grains and spent 
hops, and rinsing water used in the 
packaging departments. All of the 
waste water, amounting to approxi- 
mately 9.5 bbl. per barrel of beer pro- 
duced, is discharged through a separate 
sewer system to the industrial waste 
plant on brewery premises for treat- 
ment and disposal. 


Treatment Plant Units and 
Equipment 
The industrial waste treatment plant 
is mainly comprised of the following 
units (see Figure 1): 


1. A piping network adequately de 
signed for transferring specified indus 
trial wastes through the brewery and 
treatment plant to the final effluent 
percolation beds. 

2. A control house and pumping sta- 
tion containing a raw sewage wet well 
provided with three 260-g.p.m. cen- 
trifugal pumps; a_ sludge sump 
equipped with two pumps, each having 
a variable capacity of 75 g.p.m. when 
pumping primary sludge; a gas-fired 
boiler, utilizing the methane gas gen- 
erated in the sludge digester for sub 
sequent heating of the digester; and a 
raw influent totalizing flow meter. 

3. A rotary self-cleaning fine screen 
equipped with a screw conveyor for 
removal of screenings. 

4. Two settling tanks (Figure 2). 
The primary clarifier is provided 
with a skimmer and sludge raking 
mechanism. The secondary clarifier, 
equipped with a bottom raking mecha- 
nism, discharges thin sludge to the raw 
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Influent Waste 


T 


Effluent 


spreading 


beds 


FIGURE 1.—Flow diagram of brewery waste disposal plant at Azusa, Calif. 


sewage wet well for complete recycling. 


Clarifier capacities were based on 2.5 


hr. displacement time and are each 
40 ft. in diameter by 10 ft. deep. 

5. Two bio-filter beds, each 60 ft. in 
diameter by 3 ft. deep, filled with 315 
eu, yd. of granite gravel graded from 


2.5 to 4 in. 
four-arm 


in size and equipped with 
revolving distributors. Bio- 
filter capacities were based on 1.66- 
lb. 
stone. 

6. A recirculating station (Figure 
3) equipped with one 387-g.p.m. cen 


removal per enbie yard of 


trifugal pump recirculating a portion 


of the primary filter effluent back to 


FIGURE 2.—General view of brewery 
waste disposal plant, with effluent spread- 
ing beds in background and sludge drying 
beds at extreme left. 


the primary clarifier and one 648-g.p.m 
centrifugal pump recirculating a por- 
tion of the secondary clarifier effluent 
back to the secondary filter. Capaci 
ties of the pumps are based on a cir- 
culation ratio of 2.5 times for both 
primary and secondary bio-filter units. 
tank (Fig- 
ure 4), 35 ft. in diameter by 20 ft 
deep, equipped with a _ circulating 
mixer assembly and heat exchangers. 
Initial caleulations were based on 4.0 


7. One sludge digestion 


cu. ft. of digester space required per 


suspended solids daily population 


equivalent. The assumed daily equiva- 


lent of 3,792 seemed abnormally low 
for a brewery; therefore, in conform- 


FIGURE 3.—Outdoor recirculation sta- 
tion showing weatherproof motors and con- 
trols mounted above ground level. 
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FIGURE 4.—Prestressed, heated, fixed 
cover digestion tank with circulating mixer 
assembly. 


ity with suggestions by the State De- 
partment of Public Health, the sludge 
digester was designed for a capacity 
of 20,000 cu. ft. instead of 15,168 eu. 
ft. as originally contemplated. 

8. Three sludge drying beds, each 30 
by 80 ft. The total surface area of 
6,400 sq. ft. was based on 1.5 sq. ft. 
per population equivalent. Each bed 
bottom consists of a 6-in. layer of sand 
over a 2-in. pea gravel layer. 

9. Four final effluent percolation beds 
with a total surface area of 32,000 sq. 
ft. Each bed bottom consists of a 4- 
in. sand layer over a 2-in. pea gravel 
layer. 

Operational Personnel 


The waste treatment plant is oper- 
ated in conjunction with the rest of 
the brewery facilities. All of the oper- 
ating and maintenance personnel are 
regular brewery employees. Direct op- 
erational services are confined to a 
supervising operator, one full-time 
laborer, and one part-time chemist. 


Plant Operation 


Raw untreated liquid waste from 
the brewery is automatically pumped 
from the receiving wet well to the pri- 
mary settling tank, where it is re- 
tained for a sufficient length of time 
for proper sedimentation of sludge and 
removal of floating scum. The aceu- 
mulated sludge, removed to a collection 
hopper by means of bottom spiral 
scraper blades, is withdrawn at fre- 
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quent intervals and pumped to the 
sludge digestion tank. Both seraper 
and skimmer are in constant operation. 

The effluent from the primary set- 
tling tank then flows by gravity to the 
primary filter, and then into a re- 
circulating pump pit. The aerobic 
biological activity occurring during the 
passage of clarifier effluent over the 
cultured stone results mainly in the 
oxidation and floceulation of soluble 
organic matter. 

The primary recirculating pump re- 
turns a portion of the primary filter 
effluent back to the primary clarifier. 
The effluent displaced by incoming raw 
waste flows over a weir and is pumped 
by the secondary recirculating pump 
to the secondary filter, which in turn 
empties into the secondary clarifier. 
In a similar manner, a portion of see- 
ondary clarifier effluent returns to the 
recirculation pump and the portion 
displaced by incoming primary effluent 
flows to the final effluent percolation 
beds. Both recirculation pumps are 
in continuous operation and their ca- 
pacities are based on a 2.5-time cireu- 
lation ratio. The thin sludge accumu- 
lating on the bottom of the secondary 
clarifier is automatically withdrawn 
and returned to the raw sewage wet 
well for reprocessing. 

The primary sludge is anaerobically 
digested, the digested sludge being 
dried on sand beds. The gas produced 
is used as a fuel in a hot-water heater 
located in the control house. The re- 
sultant hot water is circulated through 
coils inside the digestion tank to heat 
the sludge and consequently accelerate 
bacterial action. Dried sludge is uti- 
lized on brewery premises as a ferti- 
lizer. 

The fine screening device (ahead of 
the primary clarifier) was specified 
mainly as a barrier against spent 
grains and hops, which may escape 
control at the brewery and find their 
way to the treatment plant. This pre- 
cautionary measure was taken in view 
of the high B.O.D. content of spent 
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grains and hops and beeause 


tional experience of other 


opera 
waste dis 
posal plants indicated that they become 
settle 

and may 
in eventual clogging of the filter bed 
However, operational vigilance in the 
brewing alleviated 


septic rapidly, do not readily 


result 


departments has 


if thie screening device. 


s by-passed at the present time 
g device of the primary 
found to be direetly re 
‘excessive dilution of pri 
A minor adjustment of 
this de 
the amount of su 
liquid returned by the di 


eliminated 

thereby iecreasing 

pe rnatant 
gester 

A relative ly poor B.O D percentayve 

reduction 


was evident for a short pe 


riod of time. There was also a strong 
odor of 


whit h 


sludge rece 


decomposing organic matter, 
was traceable to the filters and 
iving pits. It was observed 
that suspended solids of brewery wastes 
of light fluid char 


he bottom raking mecha 


produced a sludge 


primary ¢larifier could not 


convey toward the tank’s outlet 


thin sludge accumulating in the 


rimary cial would becom St ptic 


and tend to upset the biological balance 


plant, which in turn 
aceentus development of odors 
asecd the efficiency of B.O.D 

Lv inereasing the fre 
from the 


disturbing abnor 


and dee 


vy of sludge removal 


nary tank, these 
operating conditions subsided 
samples, flow 
, were obtained from both influent 
j for normal 24-hr. 


mm posited, 


based on 


operat 
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with standard proced 


nstances, averages so ob 


erv similar results. The 


have 
at the second 


Experiments indicate that 


ipated 
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eliminating this condition, by either 
diminishing peak flows or increasing 
recirculation pump ¢a- 
pacity, would result in better than 90 
per cent B.O.D. reduction 

As an additional assurance against 
the possibility of becoming a public 


the secondary 


nuisance, the entire waste disposal area 
was landscaped with trees and foliage 
specified, first of all to provide a bar- 
rier against prevailing windflow, and 
secondly to sweeten the surrounding 
air. As a psychological value in as- 
suring the community of the purity of 
our final effluent. it is used exclusively 
in irrigation of the plant grounds, and 
in the 
percolation pond area for ducks and 
swans. 


a shelter has been established 


TABLE III.--Typical Analysis of Treatment 


Efficiency 


Efflu 


The disposal plant has been in oper- 
ation for a relatively short time and 
operating experience is as yet limited. 
Ilowever, an extensive fact-finding re- 
search program, based mainly on the 
betterment of operating and treatment 


efficiency, is under way. 


Conclusions 
The Lucky Lager Brewing Com- 


pany, when confronted with the neces 


sity of providing a means of disposing 


of industrial waste from its proposed 
brewery in Azusa, worked in close con 
junction with and local health 
authorities for a mutual solution of the 
problem The brewery accepted full 
responsibility for proper treatment 
and disposal of the industrial wastes 
involved addition, provided 
for the reclamation of a large amount 
of water by returning a high-grade 


state 


and, in 


| 
the me 
which 
lhe 
Clarifi | 
spons 
nar 
ie 
Influ- | | Reduc- 
ent ent tion (‘ 
5- day B.O.D. (p.p.n 445 65 88 
Total solids p.m 770 379 51 
actel Suspended solids (p.p.n 200) 25 88 i 
Oke x acter, wh Dissolved solids (p.p.n 570 354 38 
ee nism of Volatile of susp. solids (% 73.0 94.0 84.0 
Dissolved oxygen (p.p.n 1.0 3.3 3 
rat | 
and 
in accordance 
n 
tained gave 
ates 
oh ee mean average analysis of the waste 
water is given in Table ITI In con 
ee ee nection with the B.O.D. values given. 
Bare it should be noted that peak flows “ 
higher than antic 1 
“be a by DAassing 
ary fil 
if 
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effluent to the county’s underground 
basin. 

From the efficiency of the treatment 
method, as indicated by a high per- 
centage reduction in B.O.D. and sus- 
pended solids, it may be concluded 
that brewery industrial wastes can be 
successfully processed by biological 
methods. 
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WASTES SAMPLER CROSS CONNECTION 


Description of an automatic wastes 
sampler in the August, 1950, issue of 
THis JouRNAL (p. 1047) has brought 
a comment from an alert reader that 
a water hose connection shown in the 
schematic diagram (Figure 1) ‘‘incor- 
porates a direct interconnection with a 
possibly potable water supply.”’ 

Although the text does not specifi- 
cally say so, the water hose connection 
is provided for backflushing the sam- 
pling pipe, as well as for priming the 
pump after it has been out of service. 
The pipe to which it is connected is 
actually a pump suction line, so that 
under any ordinary usage there would 
not be any positive backpressure at the 
hose connection. At the same time, 
backsiphonage frora the waste sewer 
line possibly could oceur through the 


hose connection under unusual condi- 
tions. 

In commenting on the matter, the 
authors of the original paper amplify 
the description as follows: 


‘*We are familiar with the hazards 
of cross connections between potable 
and other water lines and eliminate 
them in all our installations. The hose 
in the installations described is con- 
nected only long enough to prime the 
pump after it has been out of service. 
Moreover, only unfiltered river water 
is used for this purpose, The hose con- 
nection is not essential to operation of 
the units and should not be included 
in the general application of the sam- 
pler if a potable water supply is in- 
volved.’’ 
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TREATMENT OF PHENOLIC PLASTICS WASTES * 


By Norsert H 


KIRCHGESSNER 


Chemical Engineer, Durez Plastics & Chemicals, Inc., North Tonawanda, N. Y. 


Durez Plastics & Chemicals, Inc., has 
its plant and main offices loeated in 
North Tonawanda, N. Y. The plant 
occupies a 40-acre site, slightly more 
than half of which is now occupied by 
At this lo- 
cation the company manufactures phe 
nolie industrial 
resins, and protective coating resins, as 


manufacturing facilities 


molding compounds, 


well as their basic raw materials, phe- 
nol and formaldehyde 

Today, Durez represents a typical 
medium-sized chemical company, which 
has grown from its small beginning in 
1921 to an organization with sales of 
about $12,000,000 in 1947, the last year 
for which published figures are avail- 
able The growth and 
waste disposal problems ean be divided 


Company's 


into several stages, 
1921 until 1939 it was a rela- 
small business whose primary 


From 
tively 
interest was the manufacture of phe- 
During 
this period the company was wholly 


nolie molding compounds 


depe ndent on outside sources for basic 
materials 
the 


raw In 1939 the company 
rights to the 
Raschig process (1) for the production 
of phenol Dr. Walter H. Prahl, 


‘o-Inventor of the process, came to this 


acquired (merican 


and 


‘ounery 


to supervise the construction 
and start-up of this plant. When the 


World War II ended, the eompany, 
faced onee more with raw material 
problems, decided to manufacture the 
other bas raw material Chemical 
Construction Corp. was engaged to de 
sign and erect a formalin plant at 
the North Tonawanda location. The 


* Presented at 1950 Spring Meeting, New 


plant was placed in operation about 
the middle of 1948 (2). 


Sources of Water 
The 
two 


company obtains water from 
Water from the North 
Tonawanda municipal supply is used 
for process water, sanitary facilities, 
eooling tower make-up, and boiler feed. 
Total consumption at the plant for 
these about 0.5 
m.g.d. As this supply comes from the 
Niagara River, the temperature is 
limited by the high summer tempera 
tures existing in the river. 

Well water is used where lower tem- 
peratures are required. The water is 
delivered from wells on the company’s 
property at 50° F. This temperature 
remains practically constant in sum- 
mer and winter. At present, about 
1,800 ¢.p.m. drawn from. this 
source. This water is high in chlorides, 
and sulfides. As a result, it 
is not an entirely satisfactory coolant. 
Total water usage from the two sources 


is approximately 3 


sources, 


purposes averages 


are 


sulfates, 


m.g.d. per day. 


Sewer System 


Process wastes and cooling water 
are discharged to the plant storm sewer 
system ; sanitary wastes are discharged 
to a separate sewers 
join the North Tonawanda combined 
sewer system at the edge of the plant 
property. 
charge te 


system. These 


The municipal sewers dis- 
the Niagara River without 
treatment, a problem that will be cor- 
rected by the proposed North Tona- 
wanda sewage treatment plant. 

At the moment, the International 


York Sewage and Indust: Wastes Assn.: ‘Joint Commission, the New York State 
Jamestown, N. Y.; June 12-13, 195¢ Water Pollution Control Board, and 
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the North Tonawanda Department of 
Public Works are all interested in the 
company’s waste problems. 


History of Waste Disposal 


Until the phenol plant was com- 
pleted the waste problem had been in 
proportion to the size of the business 
and was, as a result, quite small. No 
figures are available, but it is prob- 
able that before 1939 the total phenol 
discharged to the sewer was less than 
1,000 lb. per day. With the comple- 
tion of the phenol plant and the start 
of World War II, a period of expan- 
sion and transition started. Within 
the limitations caused by the war, the 
waste program expanded at a pace 
equal to the expansion in production. 
After the war ended, a new program 
was started to complete the cleanup 
job, and this program is continuing. 

At Durez, the use of the term ‘‘ waste 
in the phenolies plastics industry’’ 
generally means phenol. B.O.D. is 
relatively low, and suspended solids 
are negligible. 


Phenol Plant 


When the various phenol processes 
were being considered the questions of 
by-products and waste disposal were 
among the most important considera- 
tions. The Durez-Raschig process sat- 
isfied the requirements of minimum by- 
products and minimum process wastes. 

The process takes place in two steps: 


C,H, + Hol + 4% 0, + 
and 


+ 4,0 “lyst Gon 4 HO 


The principal wastes from the process 
are polychlorinated benzenes, hydro- 
chlorie acid, caustic wash solution, and 
tar. The polychlorinated benzenes are 
recovered in the distillation procedure 
following the first step and are dis- 
posed of as crude dichlorobenzene. 

A portion of the recovered hydro- 
chlorie acid must be drained from the 
system in order to prevent build-up of 


solids and scale deposits in the acid 
evaporators. This acid, amounting to 
approximately 2,000 lb. per day, is 
drained to a wooden tank, where it is 
completely neutralized by lime and 
then discharged to the sewer. The 
discharge contains about 0.2 per cent 
phenol, and in an effort to reduce the 
contamination from this souree, a con- 
tinuous filtration and evaporation sys- 
tem is being investigated. This will 
reduce to zero the phenol discharge 
from this source. 

Caustic washes are used throughout 
the plant wherever it is necessary to 
free the process materials of traces of 
acid. These washes are currently dis- 
charged to the sewer. Some are con- 
tinuous, some periodic. The periodic 
discharges are released at controlled 
rates so as not to cause slug-type pol- 
lution. It is planned to collect these 
discharges and send them to the phenol 
recovery plant as soon as a pli treat- 
ment system has been added to this 
unit. 

Table I shows the phenol discharged 
from the two phenol plant sewers at 
the time of the International Joint 
Commission survey. Conditions simi- 
lar to those in sewer No. 1 on Jan. 18 
have been corrected by more frequent 
sewer sampling in order to discover 
this type of condition sooner. The 
condition in sewer No. 5 on Jan. 18 
has been eliminated by repiping the 


TABLE I.—Phenol Discharged from 
Plant Sewers' 


Phenol Discharge (p.p.m.) 


Date 
Sewer No. 1 Sewer No. 5 
Jan. 17,1949 | 1.3 7 
Jan, 18, 1949 125.0% | 25? 
Jan. 19, 1949 2.2 5 
Jan. 20, 1949 1.7 7 
Jan. 21, 1949 9.0 120% 


‘ Data from I. J. C. survey. 

? Due to a process leak. 

’ Due to a starting-up condition on a small 
still. 

* Due to dumping of a caustic wash solution. 
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the waste o 


In 
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recent velopment. 
eontaining traces of phenol, 
and benzene neutralized in a vigor 
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sent to a gravity sepa 
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ously agitated mixer mixture 


was formerly 
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mixing, an was 
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the sewer each day 


investigated, as well 


er special 
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being ¢ 
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this 


a paper (4 


equipment 
time msid 


ered 


problem was 


Was published which 
1 the breaking of emulsions by 


means of a glass fiber bed. A small 
pilot unit was set up and after some 


lifficulties had been ironed 


unit 


minor ¢ out 
The 
for 4 


to 


a full-seale was installed 


unit operated satisfactorily 
before 
the 


this 


became 
bed 


has 


months 


it 
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cessary 
The net 
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loss 
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In the final purification of the phe- 
nol, water seals are used on the vacuum 
pumps. The seal water, discharged di- 
rectly to the sewer system, adds a load 
of about 50 Ib 
is being revamped to allow recireula 
tion of the The concentration 
will be allowed to build up to such a 
point that handled in the 
recovery 


per day. This system 


water 


it be 


can 
system. 

The tars are disposed of by burying 
on dump sections of the plant prop 
erty. 

Recently, an educational campaign 
was started among process operators 
and foremen in an effort to point out 
the importance of reducing the num- 
ber of spills and accidental, but con- 
tinuous, waste. The results are shown 
in Figure 1. The phenol concentration 
is not an absolute value, but simply 
proportional to the phenol content in 
the plant 


week 


sewers, averaged over a 
This improved condition 
maintained throughout the 


early weeks of the second quarter. 


has been 


Formaldehyde Plant 


The formaldehyde plant is almost 


ideal from a waste disposal standpoint 
This methanol to 


plant oxidizes 


ONC ENTRATION 
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FIGURE 1.—Phenol concentration changes attributed to educational program. 
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FIGURE 2.—Flow diagram of phenol recovery system showing: 


1. Storage (preliminary settling) tank. 
1A. Feed pump (10 g.p.m.). 

2. Cone filter. 

3. Preheater. 

4. Extraction column. 

5. Fractionation column. 

6. Reboiler. 


formaldehyde in a_ closed system. 
There are no process wastes. The only 
discharge from this plant is a small 
quantity of spent caustic used in the 
air washing tower. 


Plastics Plant—Industrial Resins 


In the manufacture of certain indus- 
trial resins, a distillate is produced 
which contains a high percentage of 
phenol. When this portion of the 
company’s business began to expand 
during the early 1940’s, it was decided 
that some action had to be taken. Aec- 
cordingly, arrangements were com- 
pleted through the WPB to permit 
construction of a batch still to handle 
this material. The still was completed 
in 1942, and since that time these 
wastes have been accumulated in a col- 
leecting tank and _ periodically run 
through the still. The operation of 
this still keeps several thousand 
pounds per day of phenol and tar out 
of the sewer system. 


Plastics Plant—Molding Compound 
Resins 


In the manufacture of molding com- 
pound resins there is a distillate pro- 


7. Tubular condenser. 

8. Phenol storage tank. 

9. Benzene recovery column. 
10. Helical condenser. 

11. Benzene storage tank. 

12. Benzene and reflux pump. 


duced during the dehydration stage 
which contains (depending on the 
resin being produced) 2 to 8 per cent 
phenol. This material was formerly 
discharged to the sewer at the rate of 
approximately 60,000 Ib. per day. At 
the end of the war a program was set 
up to investigate methods of recovering 
this material. After considerable 
work, it was decided to install a plant 
to remove about 90 per cent of the 
phenol from this waste. The process 
used was originally developed in Ger- 
many by Raschig for protection of the 
Emscher River, a tributary of the 
Ruhr. The details for the Durez unit 
were worked out by Dr. Walter H. 
Prahl. 

A simplified flow sheet of the plant 
is shown in Figure 2. The distil- 
late from various resin making kettles 
is collected in a 30,000-gal. storage 
tank (1), which also serves as a pre- 
liminary settling tank. The settlings 
are largely resinous and are periodi- 
cally drained off and processed sepa- 
rately. 

A pump (1A) is used to feed the 
distillate at the rate of 10 g.p.m. 
through the cone filter (2) and pre- 
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heater (3) to the top of the extraction 
column (4 The cone filter removes 
suspended solids and resinous matter. 
The feed preheater is used to raise the 
temperature as high as possible, in 
order to take advantage of the better 
distribution coefficient of phenol be- 
tween benzene and water. The limita 
tion is that of the azeotrope of benzene 
and water at 69° C 
ation the 

between 65 


In ordinary oper 
temperature is held 
and 67° ©. Pump (12 
feeds benzene to the bottom of the ex- 


water 


traction column and also provides re 
flux to the fractionation column (5 
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The extraction column (4) is 3 ft. 
in diameter and 35 ft. high. It is 
packed with 25 ft. of l-in. Raschig 
rings. The tower originally 
packed with 54-in. Raschig rings, but 
these rings became fouled in a very 
short time. After the rings had been 
replaced it was found that, contrary 
to all expectations, the l-in. rings were 
giving better separation than had pre- 
viously been obtained with the 5-in. 
rings. This can only be explained by 
rapid plugging and subsequent chan- 
neling in the 5-in 
responding reduction in efficiency. 


was 


rings, with a cor- 


FIGURE 3.—General view of phenol recovery unit. 
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FIGURE 4.—Control panel for phencl recovery unit. 


The preheated distillate enters at 
the top of the extraction column and 
leaves at the bottom, essentially free 
of phenol. Depending on the condi- 
tion of the equipment and the feed 
temperature, removal efficiency varies 
from 90 to 99 per cent. The water, 
saturated with benzene, passes through 
the benzene recovery column (9), 

; where air is blown through it. Water 
he and benzene are condensed from the 
bl mixture of air, water, and benzene in 


TABLE II.—Average Analysis of Waste 


a helical condenser (10). The mixture 
flows by gravity to the benzene stor- 
age tank (11). The water settles to 
the bottom and is periodically drained. 

The benzene-phenol mixture over- 
flows at the top of the extraction col- 
umn and is fed continuously to a frac- 
tionation column (5). The benzene is 
distilled off and is condensed in a 
tubular condenser (7) and returned 
to storage. The phenol is removed as 
bottoms product from the reboiler (6) 


Discharged from Phenol Recovery Unit' 


| 

B.O.D., 5-Day | 
(p.p.m.) 


Chlorine 
Demand 
(p.p.m.) 


Phenol 
(p.p.m 


Flow 
(g.p.m 


1,590 


16.4 | 11,500 | 68 


‘ Data from I. J. C. survey. 


Total Solids 
(p.p.m.) 


Suspended Solids 
(p.p.m.) 


Total | Volatile Total | Volatile 
506 | 
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and sent to phenol storage (8 This 
point which 
The impuri- 
small quantities of tar 
residues. 


freezing 
normally exceeds 39° C 


phenol has a 
ties are very 
and resin 
The general layout of the recovery 


unit is 


Figure 3; 
panel of the unit, in Figure 4. 
In the 


reduction program the water going to 


shown in control 


company’s long-range waste 


the sewer from the phenol recovery 
An aver- 
age analysis of the discharge from this 
point (Table Il) shows that the total 
B.O.D. at this point is approximately 
equal to that of the remainder of the 
plant. With 
process waste discharges and piping in 
other sections of the plant, it is hoped 
to have 90 per cent of the B.O.D. and 
phenol concentrated at this point 


unit is the largest problem. 


some further changes in 


Summary 
Since 1942 the Durez company has 
approximately $150,000 to  ré 
duce the pollution load on the munic 


spent 


ipal sewer system Based on current 
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rates of operation there would be about 
7,000 Ib. of phenol per day discharged 
to the sewer if the various steps men- 
tioned above had not been taken. 

In cooperation with the various 
agencies interested in waste problems, 
a detailed survey of all the discharge 
lines was recently completed. As a 
result of this survey, plans are being 
made for recirculation, repiping, sepa- 
ration of After 
all this work is completed there will 
still be some wastes with very low phe- 
(about 1 p.p.m.), 
for which at present there is no satis- 
factory method of treating. It is hoped 
that one of the newer treatment meth- 
ods will enable completion of the clean- 
up job. 


process wastes, ete. 


nol concentration 
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BIOLOGICAL OXIDATION OF FORMALDEHYDE * 


By Isatan GELLMAN AND H. HEUKELEKIAN 


Occurrence of Formaldehyde Wastes 


Formaldehyde is used in a variety 
of industrial processes and, therefore, 
found in wastes discharged by many 
industries. Among these are the syn- 
thetic plastics and resins industry, 
producing phenol-formaldehyde and 
urea-formaldehyde plastics and res- 
ins. Dickerson (1) reports formalde- 
hyde concentrations in the liquid waste 
of such an industry up to 5,000 p.p.m. 
and contributing 90 per cent of the 
B.O.D. load in the plant wastes. High- 
rate trickling filter treatment has 
proved successful in treating this 
waste. By using a 40:1 recirculation 
ratio and a 200-p.p.m. formaldehyde 
concentration in the waste to the filter, 
an over-all filter efficiency of 92 per 
cent has been obtained. Lagooning of 
the filter effluent increases the over- 
all efficiency to 99 per cent. 

In the tanning industry, formalde- 
hvde is used as a tanning agent, par- 
ticularly in the production of white 
suede leather (2). Formaldehyde con- 
centration in the tanning liquor before 
use is about 3 per cent and the dis- 
charged tanning liquor will contain 
the formaldehyde that has not reacted 
with the proteinaceous material pres- 
ent in the bated stock. 

In the production of anti-bioties, 
such as penicillin, formaldehyde is 
used to sterilize the fermentation vats, 
and to ‘‘hold’’ the media for preven- 
tion of bacterial growth. Gilereas (3) 
has reported that a formaldehyde con- 
centration of 100 p.p.m., when added 


* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station, Rutgers 
University, New Brunswick, N. J. Presented 
at American Chemical Society meeting; De- 
troit, Mich.; April, 1950. 


to a sludge digester, halted the diges- 
tion process, and that the sludge diges- 
tion difficulties encountered at one sew- 
age treatment plant were due to the 
formaldehyde present in the wastes 
from a penicillin plant connected to 
the municipal sewer system. 


Scope of Investigation 


Because formaldehyde is known for 
its toxic effects on microorganisms and 
is found in various industrial wastes, 
studies were conducted to determine: 


1. The effect of formaldehyde addi- 
tion on the biochemical oxidation of 
domestic sewage. 

2. Whether an adapted flora could 
be developed capable of high-rate oxi- 
dation of high concentrations of form- 
aldehyde. 

3. The effect of various factors on 
the activity of such a developed flora. 


Previous work had indicated that 
the toxicity of various organie com- 
pounds at definite concentrations in 
sewage may be overcome by the de- 
velopment of a flora capable of oxidiz- 
ing the toxic compound at these con- 
centrations. This is accomplished by 
a process of selection and adaptation 
whereby the numbers and tolerance of 
the organisms originally present in 
sewage are increased by successive 
transfers. 


Methods and Materials 


The Warburg ‘‘direct method’’ ap- 
paratus was used to measure oxygen 
utilization rates, which served as an 
index of the activity of the flora de- 
veloped in the adaptation process. It 
had previously demonstrated its use- 
fulness in studying the inhibitory ef- 


1321 


g 
i 
fh 
| 
134 i 
4 
| 
: 
j 


1322 SEWAGE AND 
fects produced by the addition of vari 
ous of toxic materials 
lation of sewage. The direct 
method has the advantage of allowing 


concentrations 
on the oxi 


such studies to be made over a wide 
concentration range which is not lim- 

the standard dilution 
the solubility of oxygen 


ited, as in 
method, by 
in water (4 

The use of the Warburg apparatus 
in sanitary research has been deseribed 
by Caldwell and Langelier (5). The 
method employed consists of placing a 
sample under an air atmosphere in a 
closed system with constant agitation 
The utili- 
zation is measured at any time interval 
by calculating the decrease in gas vol- 


and temperature oxygen 


ume from change in pressure while 
maintaining constant volume. All ex- 


periments were conducted at 20° C., 
made at varying 
time intervals depending on the de- 


adaptation of the flora de- 


with measurements 
gree of 
veloped 

A synthetic formaldehyde waste was 
prepared using chemically pure form- 
aldehyde (approximately 37 per cent), 
NH,Cl as the source of nitrogen, and 
KH,PO, buffer solution for pH control 
and source of phosphorus. 

Samples were prepared containing 
given cencentrations of formaldehyde 
and seed material. Material from the 
previous experiment was used as seed 
for the experiment. An 
aliquot of the sample was 
Warburg apparatus for 
utilization rate measurement, 
agitated continu- 
Erlenmeyer flask at 
The latter sample was used for 
pH measurements, and for B.O.D. de 


following 
portion 
plac ed in the 
ren 


and the remainder 
a 500-ml 


termination when desired 
Results 
Toxicity of Formalds hyde in Se wage 


Formaldehyde was added to domestic 


sewage in several concentrations from 


45 to 175 p.p.n Increased concentra 
tions resulted in increased lag periods 
Table 1) before oxidation of the added 


INDUSTRIAL 


WASTES October, 1950 


TABLE I. 


Effect of Formaldehyde Con- 
centration in Sewage on Oxidation' 
of Formaldehyde 


Formaldehyde Concentration 


p.p.m 

Days 
45 130 175 
| 0 0 0 0 
2 15 0 0 0 
3 72 43 0 
3.25 23 81 92 0 
25 112 0 
7 28 90 135 0 


‘In p.p.m. of O, utilized 
formaldehyde began. For instance, at 
a concentration of 45 p.p.m. there was 
a 2-day lag period before oxygen utili- 
zation exceeded that of the control; 
at 130 p.p.m. the lag period was 3 days. 
At 175 p.p.m. there was no oxygen 
utilization at any time during the 7- 
day incubation period, indicating that 
neither the added formaldehyde nor 
the was oxidized. The toxie 
concentration lies, therefore, between 
135 and 175 p.p.m. It is evident that 
formaldehyde-oxidizing organisms are 
present in sewage, although in small 
numbers and with a low tolerance for 
formaldehyde. 


sewage 


Development of Adapted Seed 


The effeets of repeated transfers on 
the rate of oxidation at increased con- 
centrations are of interest. Starting 
at 130 p.p.m. formaldehyde with zero 
per cent being oxidized the first day, 
the rate of oxidation rose steadily until 
a value of 95 per cent oxidation was 
obtained at 445 p.p.m. to 1,750 p.p.m. 
after 24-hr. aeration. Thus, after sev- 
eral transfers, even a higher concentra- 
tion, which had been initially toxie to 
the oxidation of both domestic sewage 
and the added formaldehyde, could 
now be oxidized to an appreciable ex- 
tent during the first 24-hr. incubation 
period, Coneentrations above 1,750 
may be oxidized, but the effi- 

eney may decrease for a 24-hr. aera- 
tion period, as the highest oxidation 
rat obtained thus far 


p.p.m. 


Paces 


have been 
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around 190 p.p.m. B.O.D. per hr. At 
concentrations around 750 p.p.m., the 
oxidation rate begins to level off after 
5 hr. and an aeration period of 12 hr. 
is needed to effect a 95 per cent reduc- 
tion in B.O.D. 


Effect of Seed Volume Variation 


During the oxidation of formalde- 
hyde a flocculent sludge was produced. 
Several experiments demonstrated that 
seed volume and sludge concentrations 
were of great importance in determin- 
ing the rate of oxidation. The results 
(Table I1) show that as the seed vol- 
ume was decreased to 5 per cent, a 3- 
day lag period resulted. The oxida- 
tion rate was lower than that at the 
higher seed concentrations, so that af- 
ter 5 days only 50 per cent of the 
formaldehyde had been oxidized. 


TABLE Il.—Effect of Seed Volume on Rate 
of Oxidation' of Formaldehyde at 
Concentration of 260 P.p.m. 


Seed Volume (°%) 


Days 
so | 10 | 

08 | 93 65 34 | 24 
1.75 | 203 117 50 | 19. 
2.75 268 25 ow 38 
3.75 278 275 232 80 
4.75 288 286 266 147 


‘In p.p.m. of O, utilized. 


When the effectiveness of the super- 
natant liquor as seed is compared with 
that of the sludge produced, the latter 
proves to be better (Table III). Be- 
cause the sludge formed represents a 
concentration of formaldehyde-oxidiz- 
ing organisms, it is to be expected that 
it would be more effective in causing 
the oxidation to proceed. This is fur- 
ther borne out by a study of the effect 
of sludge concentration, expressed as 
volatile solids (Table IV), showing 
that as the sludge concentration is in- 
ereased the oxidation rate increases, 
although not in direct proportion. 

Where supernatant liquor was used 
continuously as seed material for oxi- 


TABLE III.—Effectiveness of Sludge as Seed 
in Oxidation' of Formaldehyde at Con- 
centrations of 700 and 930 P.p.m. 


700 P.p.m. 930 P.p.m. 
Days 
Super- Sluc Sluc 
| | | Studer 
0.75 273 662 162 830 
1.0 473 710 209 | 985 
1.75 756 720 


‘In p.p.m. of O, utilized. 


dation of 750 p.p.m., B.O.D. reductions 
of 95 per cent were obtained for 4 
successive transfers; but thereafter a 
progressive decrease in oxidation effi- 
ciency occurred, with the result that 
after 7 transfers only 8 per cent B.O.D. 
reduction was obtained after 24-hr. 
aeration. 


Nitrogen Requirements 


Results obtained with B.O.D.:N 
ratios varying from 15:1 to 100;1 
show that no ammonia nitrogen was 
present in the effluent after 24-hr. aera- 
tion until the B.O.D.:N ratio was 30; 1 
or lower. The nitrogen utilization was 
20 p.p.m., corresponding to a B.O.D.:N 
ratio of 40:1. Where a formaldehyde 
waste contains no nitrogeneous ma- 
terial, its addition to satisfy this ratio 
is necessary if treatment by biological 
oxidation is considered. 


Effect of Buffer Addition 


During the oxidation of formalde- 
hyde, acid intermediaries are produced, 


TABLE IV.— Effect of Sludge Concentration 
on Oxidation' Rate 


Seed Expressed as Volatile Solids (p.p.m. 


Hours 
4,180 2,000 | 1,045 
0.5 121 | 89 | 47 
1.0 192 | 153 | 79 
2.5 325 «(250 133 
40 | 531 | 493 | 224 
8.0 | 838 | 850 | 534 
20.0 | 913 | 968 815 


p.p.m. of O, utilized. 
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TABLE V.--Effect of Buffer Concentration on 
Oxidation' Rate and pH? over a 24~Hour 
Period 


pH pi pH H 
1566 6.5 127,65 112) 5.6 
305 6.3 248 '6.2 185 4.7) 69 4.1 
126 | 6.3 | 390) 6.1 | 236 14.6. 76) 3.9 
4 675 | 6.5 | 542 | 6.3 | 284) 4.7) 80 
900 | 7.4 | 968 7.4 | 9671 7.4) 91) 3.8 


‘In p.p.m. O, utilized 
* Initial pH 7.4. 


which in the absence of adequate buf- 
ter concentrations can reduce the pH 
neutral to 


from values as low as 3.8 


after several hours’ aeration. Below 


pH 6 the oxidation rate is decreased ; 
at pH 3.8 the oxidation is halted. 
Table V) show that as 
the buffer concentration was decreased 
from 1.5 to 0.5 per cent, the pil fell to 
1.1 after 2 hr. and did not 
resulting in only 10 per cent oxidation 
24-hr pe riod At the 
concentrations the pli 


TI e results 


recover, 


during the 
higher buffer 
dropped initially, but recovered to its 
initial value during the 24-hr. period 


Effect Need Storage 


In treating an industrial waste con 
taining formaldehyde, there is the pos 
sibility of intermittent discharge. It 
was considered desirable, therefore, to 
effect of 
fe rmaldehy de 
Seed 


know the seed storage on its 
OX1IGIZI INGE 


divided 


subsequent 
abilits 


into 6 fract 


material was 


ions and used on successive 


days to oxidize 750 p.p.m. formald 
hyde. Storage under quiescent condi 
tions, except for one hand shaking 


iods up to 5 day Ss, did 


ficantly affect the 


h day Lor pel 
oxidizing 
The aver 


was 105 


not signi 


ability of the seed material 


ave initial oxidation rate 
p.p.m per ht with little 


variation 
from tl 


during the 5-day 


uverave 


period 
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Nettling Rate of Seed Sludge 


A study was made to determine the 
rate of settling and the final volume oe- 
cupied by 


tions. 


various sludge concentra- 
It was found that 2 min. were 
required to settle 200-ml. sampies in a 
250-ml. graduate evlinder. At sludge 
concentrations varying from 418 p.p.m. 
to 4,180 p.p.m. volatile solids, the pro- 
portion of sample volume occupied by 
12.5 


the sludge varied from 2 to per 


cent, respectively. 


Microscopic Examination of Seed Ma- 
terial 


The sludge formed has a character- 
istic pink color and when examined 
microscopically consists of dense ag- 
gregates of rod-shaped organisms. Ber- 
gey’s manual (6) describes an organ- 
ism, called Bacterium methylicum, first 
observed in 1892 by Loew. It is dis- 
tinguished by its ability to decompose 
formaldehyde 
with the 1 reddish pel- 
licle. It also grows well in a medium 
containing 0.4 per cent methyl aleohol. 
The cells are described as short thick 
The ability of the adapted flora 
to oxidize methyl aleohol was studied 
at 500-p.p.m. coneentration. In 24 hr., 
96 per cent of the added methyl! aleohol 
was oxidized 


and 
formation of 


formic acid salts 


r ds 


Discussion of Results 


The results show the usefulness of 
the direct method in studying the tox- 
icity of a particular compound for- 
maldehyde, and the development of an 
adapted flora capable of producing a 
high rate of oxidation. The direct 
measurement of oxygen utilization pro 
vides a good index of the activity of 
the seed material at different stages in 
and different 
environmental conditions. Although 
the dilution method eould be used to 
determine this activity, the time re- 


its development under 


juired by the 5-day ineubation period 
is eliminated by 
method. 


using the direct 
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Adaptation takes place readily, and 
after several transfers the character- 
istic pink floceulent growth appears. 
It is accompanied by high rates of 
oxidation, which make possible B.O.D. 
reductions of 95 per cent at formalde- 
hyde concentrations ranging up to 
1,750 p.p.m. with an aeration period 
of 24 hr. or less. 


Conditions for treatment of formal- 
dehyde wastes by aeration are sug- 
gested by the results obtained. The 
re-use, as material, of sludge 
formed during oxidation is necessary 
for optimum results. As the sludge 
seftles readily, no difficulties may be 
expected in separating it from the 
aeration tank effluent. Storage of the 
sludge does not affect its ability to de- 
formaldehyde, making 
sible the treatment of waste discharged 
intermittently. Nitrogen be 
added to satisfy a B.O.D.:N ratio of 
40:1 if it is lacking in the plant waste. 
Careful pH control is necessary, be- 
cause at pHI values below 6 the seed 


seed 


com pose pos- 


material begins to lose activity and it 
is lost completely when the pH drops 
to 4. Oxidation rates of 190 p.p.m. 
3.0.D. per hr. have been obtained and 
if maintained require 5-hr. aeration 
for 750 p.p.m. formaldehyde and 12-hr. 
1,750 p.p.m. Actually, 
the initial rates level off so that aera- 


aeration for 


tion periods of 12 and 24 hr., respee- 
tively, are required. 
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Conclusions 


1. A concentration of 135 to 175 
p.p.m. formaldehyde is toxie to the 
biochemical oxidation of sewage. 

2. By a process of adaptation and 
selection the oxidizable concentration 
of formaldehyde was increased from 
135 p.p.m. to 1,750 p.p.m. 

3. The percentage of formaldehyde 
oxidized during the first 24 hr. in- 
creased simultaneously from zero to 
95 per cent as a result of this process. 

4. The sludge formed during oxida- 
tion is more effective than supernatant 
liquor in oxidizing formaidehyde. 

5. Nitrogen must be added to satisfy 
a B.O.D.:N ratio of 40:1 before am- 
monia nitrogen is found in the effluent. 

6. Addition of buffer is necessary to 
prevent excessive lowering of pH and 
rediiction of oxidation rates. 

7. Storage of seed material for pe- 
riods up to 5 days does not affect its 
ability to oxidize formaldehyde. 

8. The sludge formed appears to con- 
sist of dense aggregates of Bacterium 
methylicum and has a characteristic 
pink color. 

9. The sludge settles rapidly, the 
final volume depending on the concen- 
tration of sludge. 
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BIOLOGICAL TREATMENT OF KRAFT MILL 
WASTES 


W. A. Moaeto H. W. Geum 


Resident Engineer at Louisiana State University and Technical Adviser, respectively, 


National Council for Stream Improvement 


(of the Pulp, Paper, 


and Paperboard Industries), New York, N. Y. 


Introduction 
The feasibility of treating kraft 
mill wastes by storage or lagooning 
on a full-seale 


demonstrated 


installation has been 
in several instances (1) 
(2 Further laboratory (3)(4) and 
studies have yielced 
into the mechanics of this 
method of kraft mill waste treatment. 
Based on the above information and 
data it has been established that the 

the B.O.D. of stored kraft 
mill waste is basically a biochemical 
In practice and in the lab- 
oratory this storage process of waste 


plant-seale (5 


an insight 


reduction in 
proce SS 


stabilization progresses, in the pres- 


ence of microorganisms, under aerobic 
and anaerobic environments, with the 
anaerobic phase predominating initi- 
ally and being superseded eventually 
Under natural 
conditions of seeding and oxygen ad- 


aerobie 


phase. 


sorption and diffusion the transition 
from tl anaerobie to the aerobic 
phase, with eventual stabilization of 


the waste, proceeds at a relatively slow 

rate. 

accelerate the rate of 

stabilization of kraft pulp and paper 
it was felt that the follow 

ing conditions would have to be satis- 


In order to 


mill waste 


1. Elimination of the anaerobie en 
vironment 

2. Provision of the 
sufficient 


proper aerobie 
concentration 


itrient salts neces 


organisms in 
3. Provision of m 
sary for bacterial metabolism, in which 


kraft mill waste is notably deficient 


The first condition can be achieved by 
aeration; the second, by the develop- 
ment of concentrated bacterial seed 
sludge, which is added to the waste; 
and the third, by the addition of nitro- 
gen and phosphorus salts such as 
NH,Cl and K,HPO, or Na,HPO, 

The kraft mill waste used through- 
out this study was obtained from a 
large integrated pulp and paper mill 
whose waste flow totals between 20 
and 25 m.g.d. The waste is made up of 
pulp mill waste, bleach plant waste, 
and paper mill waste. It also contains 
the domestic sewage from approxi- 
mately 1,000 employees, as well as the 
waste flow from a mill cafeteria. The 
quantity of air used for aeration was 
not measured except in one instance. 
The rate of air application was suffi- 
cient to keep the sludge in suspension 
throughout the duration of the experi- 
ment. Seed sludges were developed 
from kraft mill waste or other media. 
Those which were not pre- 
pared from the mill waste itself were 
acclimated to the waste by means of 


sludges 


TABLE I,—-Key to Containers 
| Nutrient Salts (p.p.m Aeration 
tainer Seed | cu.ft 

S31 | Yes 1.3. 0.5 
S32 | Yes} 15 | 6 | 48 0.5 
S33 | Yes | None | None | None 0.5 
S34 | Yes 5 2 1.6 1.0 
S35 | Yes | 15 6 | 48 1.0 
S36 | Yes | None | None | None 1.0 
S37 | No } 15 | 6 4.8 1.0 
S38 | No | None} None! None} 1.0 
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TABLE II.—Tabulation of Results 


5-Day, Nitrogen (p.p.m.) 
Day Container pH oon) ) 
(p.p.m.) Org. NOr-NO; 
831 130 7.16 5.0 2.5 0.2 4.9 3.2 
$32 130 7.08 13.0 2.3 03 12.8 1.7 
833 130 7.09 0.6 18 0.0 2.2 1.3 
0 834 130 7.34 5.1 2.3 0.0 4.5 4.0 
835 130 7.32 12.4 2.6 0.0 12.5 18 
836 130 741 0.6 2.6 0.1 2.2 1.6 
$37 130 7.29 13.1 2.0 0.1 9.1 1.6 
| $38 130 7.18 0.6 1.5 00 | 24 1.6 
$31 o4 7.45 | 34 
$32 94 7.26 | 3.3 
$33 127 7.50 — | 3.6 
1 | 834 100 7.53 — | 5.1 
| 835 97 7.37 - | 5.8 
| $36 129 8.06 | 5.5 
837 | 99 7.80 - | 4.6 
S38 | 134 8.11 5.6 
831 15 7.51 0.2 1.2 
$32 10 7.66 7.5 2.2 os | 73 4.1 
| $33 73 | 7.40 0.3 1.3 08 | 16 0.9 
4 S34 | 18 7.80 0.0 2.9 
| s35 | 18 7.74 8.0 2.0 02 | 7.5 4.0 
S36 | 67 7.73 0.2 0.8 00 | 31 3.9 
837 | 14 7.54 | 87 1.9 00 | 43 4.3 
S38 68 7.57 0.2 0.8 0.0 1.9 3.2 
| 14 7.77 54 
| §32 10 7.83 - 5.9 
| 63 7.41 - 4 1.6 
7 834 10 7.77 5.6 
| $35 il 7.75 6.0 
| $36 48 7.59 _ - 4.8 
| $37 15 7.55 ~ 4.9 
| 838 31 7.51 - | _ 4.7 
| 31 77 | 7.82 o2 | 17 | 03 35 | 60 
$32 3.2 7.46 4.6 2.7 2.0 9.7 5.9 
| $33 22 7.63 0.2 12 | O1 1.3 4.4 
11 | 834 2.7 | 7.83 0.1 18 | 07 3.3 6.2 
835 Tae 4.2 3.0 2.9 8.3 63 
836 15 | 7.80 0.1 ll | 00 0.8 5.8 
| 837 82 | 806 | 95 Tain aa 6.4 
| S38 20 0.2 11 | 00 | 05 6.2 


gradually increasing additions of the 
waste to the seed sludge. This was 
done in all instances except when it 
was desired to study the effect of ac- 
climatization. All experiments were 
conducted at room temperatures, vary- 
ing from 23° to 34° C. 


Preliminary Experiments 


The first application of aeration to 
a seeded, 


supplemented kraft mill 


waste was made in accordance with 
the summary in Table I. The bac- 
terial seed used in this experiment was 
collected from storage experiments 
previously performed and is derived 
from organisms occurring naturally in 
the kraft waste itself. Suspended sol- 
ids of the seed sludge-kraft waste mix- 
ture did not exceed 200 p.p.m. 

Table II is a tabulation of the ana- 
lytical data and Table III and Figure 
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TABLE III. 
Aeration 

a3 32 833 
0 0 ) 0 
l 27.7 27.7 2.3 
42 13.8 
7 2 51.5 
ll 04.1 97.5 83.1 


1 give comparisons of the B.O.D. re 
ved 
Examination of the B.O.D. 
(Table Ill and Figure 1 

] 


the samples fall into two groups; S33, 


movals achic 
results 
shows that 


$36, and S38 comprise the first group, 
which lower 
B.O.D 
second group, made up of the remain 
The factor 
the first 

is the absence of added 


yielded appreciably 


removals as compared to the 


common to 
(S33, 


ing samples 
all samples of group 
S36, and S38 
nutrient salts, whereas the samples of 
all contained the 
The effect of the 


bacterial 


the second group 


salts 


added nutrient 


presence or absence of seed 
is inconclusive, 


the 


as the sample contain- 


added nutrient salts but 
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FIGURE 1.—B.0.D. removals with various combinations of 
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Comparison of Per Cent B.O.D. Removal 


{ 4 

S34 S37 S38 

0 0 0 0 0 
23.1 25.4 0.8 23.8 0 
900.0 90.0 18.5 89.2 47.7 
92.3 91.5 63.1 88.5 76.2 
97.9 03.8 88.5 93.7 84.7 
no added seed S37 \ ield “d results 


comparable to the samples with both 
added present. It is 
likely, however, that sufficient numbers 


seed and salts 
of microorganisms were present in the 
waste itself (from the plant domestic 
sewage) to overcome any deficieney in 
bacterial seed concentration in this in- 
stance, 


Apparently, kraft mill waste lends 


itself to biological treatment at an ac- 
celerated rate. This is accomplished 
through bacterial seeding, the addi- 
tions of small quantities of nutrient 
salts (5 p.p.m. N, 2 p.p.m. PO,, and 


1.6 p.p.m. K), and the application of 


juantities of air as little as 0.5 cu. ft. 
per 


gal. of waste per day. B.O.D. re- 


$3i—* $35 tt 
$32-—+—- $36 —— | 
37 
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seeding and nutrient salts. 
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movals as high as 90 per cent are 
achieved with 4-day aeration. Com- 
pared to B.O.D. removals by storage 
alone (4), where 90 per cent B.O.D. 
removals were achieved in about 40- 
day storage, only one-tenth the time 
is necessary. 


Effect of Bacterial Seed and Chemical 
Nutrient Addition 


A further acceleration in the rate of 
B.O.D. rernoval from kraft mill waste 
would be still more desirable. Based 
on the preceding experiment, it was 
felt that an increase in the amounts 
of bacterial seed and aeration, in the 
presence of the added nutrient salts, 
would accomplish the desired results. 
An experiment meeting the above con- 
ditions was devised, using a _ seed 
sludge derived by concentrating the 
sludge from the preceding experi- 
mental run. The samples used were 
prepared in accordance with the sched- 
ule shown in Table IV. Suspended 
solids concentration of the seed sludge- 
kraft waste mixture was approximately 
400 p.p.m. The B.O.D. results and the 
per cent B.O.D. removals are given in 
Table V. 

Examination of Table V shows the 
marked effect of the presence and ab- 
sence of nutrient salts (A3 and A4) 
and presence and absence of both the 
bacterial seed and the nutrient salts 

A3 and A5). The negative B.O.D. re- 
moval results of sample A5 are prob- 
ably due to evaporation oecurring dur- 
ing aeration. The results for A5 are 
evidence of the small effect simple aera- 
tion alone has on the removal of B.O.D. 
from kraft mill waste. B.O.D. remov- 


TABLE IV.--Key to Containers 
Nutrient Salts (p.p.m.) 


Container 
No 


Seed 


N Mg 


41 
None | None | None | None 
None | None None ,; None 


ss | Ye | 10} 5 | 5 
\4 Yes 
A5 No 


TABLE V.— Results and Per Cent 
B.O.D. Removal 


5-Day, 20° C B.O.D 


on BO D. 
p.p.m.) | (%) 
> 141 0 
| 140 0 
126 0 
i277 
1 | Ad 132 5.7 
A5 | . 
| 121 14.2 
M 130 7.1 
| AS - | - 
| <A’ 122 | #134 
4 | Ad 130 7.1 
A5 - - 
96 | 31.9 
6 | Ad 122 12.9 
A5 136 | — 7.9 
AS | 17 87.9 
24 A4 S4 40.0 
A5 130 | - a2 
A3 16 88.7 
418 A4 47 66.4 
AS OS 22.2 


als increase substantially when the 
aeration is supplemented by bacterial 
seed addition; the increase in B.O.D. 
reduction is still greater when aeration 
is supplemented by bacterial seed and 
nutrient salt addition. 


Sources of Bacterial Seed 


It has been demonstrated by the 
preceding experiments that it is pos- 
sible to accelerate appreciably the rate 
of B.O.D. removal from kraft mill 
waste by aeration of the waste which 
has been supplemented with seed 
sludge and chemical nutrients. Up to 
this time the source of the organisms 
used has been the waste itself, which 
is known to contain domestic sewage. 
Due to the resemblance of this treat- 
ment process to the activated sludge 
process, the use of activated sludge de- 
rived from domestic sewage as a source 
of the seed sludge organisms was in- 
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vestigated Such an_ investigation 
two purposes: first, it 
would establish a good source of or- 
sewage) which is 
easily available; and second, it would 
furnish information concerning the 
possibility of treating kraft mill waste 
combined with 
municipal or 
plant 


should serve 


ganisms (domestic 


domestic sewage in a 
industrial treat 
employing the aetivated 


sludge process 


sewage 


ment 


Three types of bacterial seed were 
used in this study. The mill 
sludge ‘was derived entirely from the 
waste 


seed 


itself and the activated sludge 
was prepared from domestic sewage 
The waste acclimated activated sludge 
was prepared by adding increasing 
quantities of kraft waste to activated 
sludge. Suspended solids concentra 
tion of the seed sludge-kraft waste mix 
1,000 


ture was approximately p.p.m 


TABLE VI. Key to Containers 


Nutrient Salts 
(‘on p.p.m 
tainer Type of Reed 


N PO. K 


A6 Mill waste sludge 
A\7 Waste acclimated 

activated sludge 
AS Activated sludge 10 5 


The schedule of the samples is sum 
Table VI The results, 
Table VII and Figure 2, in- 
that it is possible to oxidize 
kraft mill waste using activated sludge 
which 


marized in 
shown in 


dicate 


has been derived from domestic 
sufficient time is 
allowed for the activated sludge to be 
acclimated to the waste. Al 
though the waste acclimated activated 
sludge and the unaecelimated activated 
sludge lag behind in B.O.D. removals, 
the 24-hr results that 
equivalent removals are obtainable 


sewage, provided 


come 
aeration show 


The possibility existed that the r 
sults obtained in the preceding experi 


ment were not the result of the acti 
vated sludge organisms. but the re 
sult of organisms not common to sew 
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TABLE VII.—Results and Per Cent 


5-Day, 20°C.| B.O.D. 
| | BO D. Removal 
(p.p.m.) (%) 
| aé | 183 | O 
153 0 
153 
| a6 133 «| (13.1 
| 130 15.0 
| 42 | 72 
A6 | 101 34.0 
2 A7 123 | 196 
AS | 129 15.7 
A6 62 59.5 
A7 97 36.6 
A8 125 | 183 
A6 30 80.4 
6 A7 67 56.2 
AS 112 26.8 
A6 22 85.6 
AS 22 85.6 


age which may have been introduced 
through the medium of the unsterile 
mill waste. To eliminate this possi- 
bility, sterile mill waste was substi- 
tuted for the unsterile waste in the 
process of acclimating a fresh batch of 
activated sludge and in the experi- 
mental run itself. The procedure used 
in this new experiment was identical 
with the previous one with the excep- 
tion noted. A description of the sam- 
ples used is summarized in Table VITI. 
The suspended solids concentrations of 
the seed sludge-mill waste mixture was 
approximately 1,000 p.p.m. B.O.D. re- 


TABLE VIII.---Key to Containers 
Nutrient Salts 
Con p.p.m. ) 
tainer Type of Seed = 
N K 
A10 | Mill waste sludge 10; 65 | 4.1 


All Waste (sterile) 
mated activated 
sludge 10; 5 4.1 

| Activated sludge 65 4.1 


accli- 


B.O.D. Removal 

| : 
: 
als 
: 
js 
N 

4.1 : 
41 
| 4.1 fe 
| 
Ay 

Tk | 

Ty: 
Bee, 

Ry 
$$$ 


Vol. 


sults and comparisons of the per cent 
B.O.D. removals are tabulated in 
Table IX. 

The results of this experiment con- 
firm those of the preceding one, with 
the waste acclimated activated sludge 
(All) exhibiting good B.O.D. re- 
movals and equalling the B.O.D. re- 
movals of the sludge derived from mill 
waste alone (A10) at the end of 6 hr. 

On the basis of the results of the 
last two experiments described, the 
probable source of the organisms re- 
sponsible for the oxidation of kraft 
mill waste, which were derived from 
the waste itself, is domestic sewage. 
It has also been demonstrated that, 
regardless of the source of beneficial 
organisms in the waste itself, it is 
possible to develop from domestic sew- 
age a seed sludge capable of biologi- 
cally purifying kraft mill waste. 


Role of Phosphorous and Nitrogen 
Salts 


The effect of the nutrient salts was 
studied, individually and combined, 
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for the purpose of determining if it 
would be possible to eliminate one or 
the other from the process. Due to 
the chemical composition of the waste 
itself the role of potassium, sodium, 
and chloride ions was discounted, as 
these ions are naturally present in the 
waste. Of the added nutrient salts, 
only the phosphate and ammonium 
ions were considered critical, as might 
be expected in a process involving bio- 
chemical oxidation. 

The seed sludge used in this series 
of studies was derived from fortified 
kraft mill waste. In order to remove, 
as nearly as possible, the excess phos- 
phate and ammonium ions from the 
built-up sludge it was necessary to 
settle the sludge, wash with distilled 
water, settle, and decant several times, 
followed by centrifuging and decant- 
ing. However, due to the composition 
of the waste used in these studies it 
was probably impossible to obtain a 
seed sludge-kraft waste mixture en- 
tirely free of either phosphate or am- 
monium ions. Analyses of the kraft 


| 
| 


HOURS AERATION 
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TABLE IX.-—Results and Per Cent 
B.O.D. Removal 


Day, 20° ¢ B.O.D 
B.O.D Removal 
pp 
A10 197 0 
0 All 197 | 0 
A12 197 0 
A10 182 7.6 
l All 194 1.5 
A12 107 0 
A10 167 15.2 
2 All 170 13.7 
A12 197 0 
A10 102 18.2 
All 128 35.0 
A12 173 12.2 
A10 70 64.5 
6 All 72 63.5 
\12 50.2 
A10 18 90.8 
24 All 20 85.3 
Al2 53.8 
waste alone indicated that it contains 
approximately % p.p.m. total nitrogen 
as N) and 1 p.p.m. PO, (as PO, 
which were probably present due to 


the domestic sewage content, raw proc 
wood extractives 


these 


ess water ind 

studies was pre 

pared in accordance with the procedure 
} 


tlined in Table X 


solids concentration in the seed sludge- 


The suspended 


kraft 3 waste mixtures was 1,630 
p.p.m. The results obtained are sum 
marized in Table XI and per cent 
B.O.D. removals are plotted in Fig 
ure 3 
It is interesting to note from the 
TABLE X.~ Key to Containers 
N Sa 
ta I 
N i 
\ te sludge 10 None 
\21 M ‘ e sludge None 5 
A22 Mill waste sludge 10 5 
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results that the waste samples contain- 
ing nitrogen (A20, A22), in the pres- 
ence or absence of phosphates, yielded 
similar high B.O.D. removals through- 
out, whereas the waste supplemented 
with phosphate alone lagged behind 
in B.O.D. removals until 24-hr. aera- 
tion. In spite of the lag, however, ap- 
preciable B.O.D. were at- 
tained using phosphate as the 
nutrient. It is also of interest to note 
that waste fortified with a nitrogen 
salt alone yielded B.O.D. removals of 
the same magnitude as were obtained 
from a combination of phosphate and 
nitrogen salts. 


removals 
sole 


TABLE XI.—-Results and Per Cent 
B.O.D. Removal 


5-Da 20° ¢ B.O.D 
'N BO D Removal 
p.p.m 
A20 122 0 
0 116 0 
A22 120 0 
A20 93 15.5 
\21 101 12.9 
A22 1038 14.2 
(20 33.6 
2 A21 26.7 
A22 85 29.2 
12 65.6 
4 \21 63 15.6 
22 52 56.7 
\20 15 87.7 
6 17 0.5 
A22 17 85.8 
420 9 92.6 
24 \21 10 91.4 
\22 6 95.0 


In the course of the above experi- 
ment it was noted that 
of the sludge formed during aeration 
of the phosphate supplemented waste 

A21) differed from that of the am- 
monium and phosphate-ammonium sup- 
plemented wastes In the latter in- 
granular, 
, Whereas in the former 
was of a stringy nature. 


the character 


stance the sludge was of a 
flocculent nature 


the sludge 
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| | 
|A2O-MILL WASTE SLUDGE +NITROGEN SALT 
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HOURS AERATION 
FIGURE 3.—B.OD. removals with mill waste sludge seed and added nutrients. 


The settling characteristics of all 
sludges were equally good. 

Based on the observation of the re- 
sults and differences in physical char- 
acter of the sludges obtained in the 
preceding experiment, the possibility 
was investigated that a waste supple- 
mented with a phosphate salt alone 
and seeded with sludge developed from 
phosphate supplemented waste might 
be capable of biologically oxidizing 
kraft mill waste efficiently. Interest 
in such a possibility stems from a con- 
sideration of the economies of phos- 


TABLE Key to Containers 


Nutrient Salts 


Con- (p.p.im.) 
tainer Type of Seed 
No 
| N | POs 
A30 N supplemented mill 
waste sludge 10 | None 
PO, supplemented mill 
| waste sludge |None!| 5 
A32 N-PO, supplemented 
mill waste sludge 10 5 


phate versus nitrogen supplémentation 
of kraft mill waste. 

Three 
prepared and samples set up in the 
manner outlined in Table XU. The 
suspended solids concentration of the 
seed sludge-kraft mill waste mixtures 
was 720 p.p.m. in all samples. The 
B.O.D. results and per cent removals 
are given in Table XIII. 

The results follow the same general 
pattern as those of the preceding ex- 
periment, the only difference being in 
the magnitude of the B.O.D. removals. 
The difference was probably due to the 
difference in suspended solids coneen- 
tration of the seed sludge-kraft waste 
mixtures (1,630 p.p.m. 720 
p.p.m.). 

In order to check the effect of seed 
sludge concentration on the rate of 
B.O.D. removal, the preceding experi 
ment was repeated using a higher con 
centration of suspended seed sludge 


types of seed sludges were 


versus 


solids. Table XIV summarizes the 
conditions of the experiment. Sus- 
pended solids concentrations of the 
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TABLE XIII.—Results and Per Cent 
B.O.D. Removal 


5-Day, 20° C B.O.D 
B.O.D Removal 
p.p.m % 


101 
101 
102 


4] 
OS 


seed sludge-kraft waste mixtures were 
1,650 p.p.m. for samples A40 and A41, 
and 950 p.p.m. for sample A42. The 
results are summarized in Table XV; 
per cent B.O.D. removals are plotted 
in Figure 4 
The results of the last three experi 
ments Tables XI, XIII, and XV) 
demonstrated that the B.O.D. of seeded 
aerated kraft mill waste may be 
removed by the use of phosphate salt 
supplementation alone. The rate of 
B.O.D. removal during the first 8 hr 
of aeration is lower than in the case 
of the nitrogen salt and mixed salt 
supplementation, but equally high re 
movals are obtained with 24-hr. aera 
tion periods 


Effect of Suspended Seed Sludge 
Solids Concentration 
In order to evaluate the role played 
by the concentration of seed sludge in 


October, 1950 


the seed sludge-kraft mill waste mix- 
tures in the removal of B.O.D. from 
kraft mill waste, Figure 5 was prepared 
from the experimental data presented 
above. Per cent B.O.D. removals were 
plotted against suspended seed solids 
concentrations of the mixed liquors for 
aeration periods ranging from 2 to 24 
hr. The samples whose values are 
plotted all have in common the fact 
that they were supplemented with a 
mixture of nitrogen and phosphate 
salts. The variable remaining in each 
instance is the suspended solids con- 
centration. 

Figure 5 shows that suspended seed 
solids concentrations have a decided ef- 
fect on the removal of B.O.D. from 
kraft mill waste. For the same sus- 
pended solids concentration, the longer 
the aeration time the greater is the 
B.O.D. removal. Suspended solids con- 
centrations have the least effect in the 
magnitude of B.O.D. removals for the 
2- and 24-hr. aeration periods. Their 
greatest effect appears to be exhibited 
during the 8-hr. aeration period and to 
a lesser degree during the 6- and 4-hr. 
aeration periods. Using 1,600 p.p.m. 
suspended seed solids, it is possible to 
achieve the same per cent B.O.D. re- 
moval with 4-hr. aeration (65 per cent) 
achievable with 8-hr. aeration and 800 
p.p.m. suspended seed solids (67 per 
eent). In the same manner, 1,600 
p.p.m. suspended seed solids with 6-hr. 
aeration (85 per cent removal) will 
yield results equal to those from 1,000 
p.p.m. suspended solids with 8-hr. aera- 


TABLE XIV.—-Key to Containers 


N supplemented mill 

waste sludge 10 None 
PO, supplemented mill 

waste sludge None 
N-PO, supplemented 

mill waste sludge 10 


| 

dike. q 
Aeration Container 

A30 | 0 
0 
A32 3.9 { 
A30 79 21.8 
2 A31 6.9 
(30 71 29.7 

A32 76 25.5 
(30 69 31.7 : 
fj A31 72 28.7 

vs A32 68 33.3 
vad 8 4 36.6 
(32 59 42.1 

\30 24 76.2 
24 \31 17 53.5 
\32 20 80.4 

7 
Nutrient Salts 
N | PO 
| 
4 
\42 

| 
| 
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TABLE XV.—Results and dated Cont B.O.D. 


| Nitrogen (p.p.m.) 
—" | | pH | es 
NH: | Organic | NOrNOs | 
737 | 988 | 24 0 128 | © 
0 | 725 | 08 0 139 
| A42 | |} 144 | 0 
1 A41 7.47 117 15.8 
A42 7.47 118 181 
A40 7.830 | 61 
2 A4l 7.68 -- ay 28.8 
A42 7.68 91 36.8 
A40 792 | — | 36 71.9 
4 A4l $2 | 410 
A42 7.75 - 64 | §63 
A40 7.64 24 | $13 
6 A4l 7.80 71 48.9 
A42 7.75 | 46 68.0 
A40 7.65 0.4 36 89.1 
8 | 800 | O8 57 59.0 
A42 8.01 28 2.6 14 23 84.0 
ae | 15 88.3 
24 8.12 0.4 1.8 0.2 24 «82.8 


AA2 | 7.92 | 0.4 3.6 1.6 12 | 91.7 


|A4O-N MILL WASTE SLUDGE + NITROGEN SALT 
A41-PO, MILL WASTE SLUDGE + PHOSPHATE SALT 
(R42 -N-PO, MILL WASTE SLUDGE + NITROGEN PHOSPHATE SALTS 4 


| | - 


40; 


8 
\ 
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FIGURE 4.—B.0.D. removals with nutrient supplemented mill waste sludge seed plus 
added nutrients. 
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SUSPENDED SOLIDS 


IN SLUDGE-WASTE MIXTURE (PPM) 


FIGURE 5.—Relationship between B.O.D. removal and suspended solids concentration. 


tion, or 800 p.p.m. suspended solids 
The plotted data 
also show that with suspended solids 
1,000 


with 24-hr. aeration 
concentrations of p.p.m or 

ater, aeration periods of only &-hr 
duration will yield B.O.D. removals al 
most ey ial to aeration periods of 24-hr 


duration 


Summary and Conclusions 


1. Kraft mill waste, fortified with 


nitrogen and phosphate salts and 
seeded with organisms derived from 
kraft mill waste itself, lends itself to 
biological oxidation using as little as 
0.5 cu. ft. of air per gallon of waste per 


Using SUS nded seed solids con 
ions of approximately 200 
p.p.m., it is possible to obtain B.O.D 
removals at a rate 10 times greater than 
that obtained with unfortified and un 
aerated kraft mill waste 

kraft mill 


10 p.p.m. N) and 


2. Supplementation of 


waste with nitrogen 


phosphat »>p.p.m. PO,) salts with 1 
creased rates of aeration and increased 
seed sludge resulted in a further de 


crease In time necessary for the oxida 


tion of kraft mill waste, equivalent re- 
sults being obtained in 6 to 8 hr. of 
aeration as compared to 4 days of aera- 
tion 

3. Using both unsterilized and steri- 
lized kraft mill waste it is possible to 
from domestic 
sewage aerobic organisms equally capa- 


obtain and aeclimate 
ble of oxidizing kraft mill waste in the 
same manner as the aerobic organisms 
derived initially from the kraft waste 
itself 

1. Supplementation of seeded kraft 
mill waste with a phosphate salt alone, 
a nitrogen salt alone, and a combina- 
tion of both salts yielded B.O.D. re 
movals of the same magnitude with 24 
hr. aeration periods. For aeration pe 
riods of & hr. or less the rate of B.O.D 
removal was greater for the seeded 
kraft waste supplemented with the ni 
trogen salt, either alone or in combina- 
The B. 
O.D. removals with &-hr. aeration pe 
slightly 
those obtained with 24-hr. aeration pe- 


tion with the phosphate salt. 
lower than 


riods were only 


riods 


5. The characteristics of the several 
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seed sludges developed differed some- 
what in physical appearance. The seed 
sludge developed by phosphate supple- 
mentation alone was of a stringy na- 


ture, whereas the seed sludges devel- 
oped by nitrogen supplementation 


alone and nitrogen-phosphate supple- 
mentation were of a granular, floceu- 
lent nature, resembling activated 
sludge. It was noted also, that the in- 
concentration of the seed 
sludges took place at a low rate, thereby 
making it unnecessary to waste large 
quantities of excess sludge, so that the 
handling and disposal of excess sludge 
would become a relatively minor prob- 
lem. 


crease in 
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6. Suspended solids concentrations 
in seed sludge-kraft mill waste mix- 
tures play an important role in the rate 
of oxidation of kraft mill waste. The 
greater the concentration of suspended 
solids in the mixed liquor, the greater 
is the rate of B.O.D. removal. Con- 
centrations of suspended solids below 
1,000 p.p.m. require appreciably longer 
aeration periods. With concentrations 
of 1,600 p.p.m., 60 to 90 per cent B. 
O.D. removals can be achieved with 
aeration periods of 4 to 8 hr. duration. 
Such concentrations of suspended sol- 
ids are in the range commonly used in 
the biological oxidation of domestic 
sewage by the activated sludge process. 
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DEARBORN, MICH., GARBAGE GRINDER ORDINANCE 


Recent action by the City Council of 
Dearborn, Mich., requires all commer- 
cial food-handling establishments, as 
well as all multiple-family dwellings 
of more than four units, to install gar- 
bage grinders, according to a report by 
the American Public Works <Associa- 
tion Under the ordinance, existing 
buildings in these categories are given 
one year in which to install grinders. 


The action was taken as a result of 
a study made by the Dearborn Publie 
Works Department, which showed that 
city-wide use of household garbage 
grinders would save the city about 
$190,000 a year by eliminating garbage 
collection services. City officials esti- 
mate that the city’s sewage system can 
handle the additional ground wastes 
without expansion. 


4 
& 
a3 
4 
= 
: 


TREATMENT OF PLATING WASTES AT ELECTRIC 
AUTO-LITE PLANT, LOCKLAND, OHIO * 


By ALLEN 


Electric Ai 


Chemtt 


This paper deals with a plating waste 


treatment system installed to handle 
water from a large industrial setup 
plating various metals with bright and 
corrosion resistant finishes. Beeause 


waste water treatment is a topic of cur 


rent interest throughout the country, 


it is felt that the experience in estab 


lishing the treatment system should be 


available for the guidance of anyone 
to investigate this type 
The 
has been based on the seg 
into the 


that each type can be 


who may desire 


of operation treatment plant 
Figure 1 
regation of the waste waters 
various types so 
treated independently A final mixing 


and treatment then results before the 
water is discharged to the local stream 

The Electric Auto-Lite Company has 
the treatment 
water from plating depart 
Work has been accomplished 
by the Die Cast Division (Woodstock, 
[ll in connection with the Illinois 
Sanitary Water Board. <A report o1 
fish toxicity studies of chrome-plating 


been interested in 


bong 


ot waste 


wastes at that plant has been published 
(1 The company’s initial experience 


n the treating of plating waste water 


was at the Kings Mills, Ohio, plant, 
where chemical treatment and settling 
of the resultant sludge was accom 
plishe ising a plan developed through 


Ohio Publie 


the cooperation of the 


to-L 


REED 


te Co., Lockland, Ohio 


setting up the plant it was desired to 
for treatment of the plating 
waste in accordance with the state and 
federal The two main 


problems in setting up a waste water 


prov bale 
requirements 


disposal system are: first, what does the 
waste water consist of as to volume and 
concentrations ; 
for the 


what pu- 


and secondly, 
rity is needed final water efflu 
ent. 

The first major problem was the esti 
mation of the amount of water and the 
concentrations of the impurities to be 
treated. As the plant was to be new, 
there were going to be many changes 
This meant that 
any data available had to be rechecked 


in operating methods. 


and allowances made for the changes. 
the 
ants, the amounts of waste water and 
The con- 
centration of the impurities was ob- 
tained by taking the average monthly 
chemical usage for each setup and as- 


Based on operations at various 


pl 
concentrations were figured 


suming that this amount of chemicals 
is all lost in the waste water. It is be- 
lieved that this method will provide for 
the maximum impurities that will ever 
be obtained under production condi- 
tions. Treatment capacity was estab- 
lished so that any setup could operate 
24 hr. the calculated flow 
rates and concentrations. 


per day at 


Segregation of Wastes 


rtment 
In At t, 1948, the Electrie Auto As soon as the major problem had 
Lite Company acquired property at been set up as to what the waste water 
Lockland, O} and decided to install consisted of, it was possible to plan the 
platin peration at this plant. In treatment processes. A meeting was 
Pres Annual Meeting. Ohio eld with plant representatives and en- 
hewes vineering and chemical consultants. 
r ti, Ohic Tune 28 195 As a result of the meeting, it was de- 
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FIGURE 1.—General view of plating waste treatment plant. 


cided that the best treatment method 
would be to provide a sewer system so 
that the waste waters could be segre- 
gated, as follows: 


1. Chrome—-waste water in which 
the amount of chrome is in excess of all 
other items. 

2. Alkaline cyanide—waste water in 
which the amount of cyanide is in ex- 
cess, plus non-oil cleaners. 

3. Acid oily—waste water which is 
either acid or oily. 

4. Electropolish and _ bonderite—-- 
waste water from these two processes. 


The initial data were then changed to 
get the amount of flow through each of 
the four major sewer lines, to deter- 
mine the amount of waste that would 
go from each of the various processes 
into the specific treatment sewer line. 

After the above data had all been 
summarized and preliminary plans 
made, they were presented to the State 
Department of Health for tentative ap- 
proval in connection with the State’s 
tentative set of stream standards for 
water. In development of pres- 
ent and future plans for the collection, 
treatment, and disposal of the plating 
waters, three factors largely 
shaped decisions: flexibility of design, 
adequacy for eventual needs, and the 
urgency to complete the initial phase of 
the program. 

For several reasons, flexibility was 
an essential element of design in plan- 


waste 


waste 
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ning all facilities. The various units 
are designed for estimated rather than 
known loads. Preliminary facilities 
were laid out so that discharge to the 
public sewer could be accomplished 
without sacrifice to the original invest- 
ment in preliminary facilities. The 
cost of partial or complete disposal to 
the sanitary sewer could not be ascer- 
tained at the time the initial phases of 
the program had to be decided upon. 
Finally, the collection, treatment, and 
disposal facilities deseribed hereinafte; 
were planned to permit, if advantage- 
ous, recycling water to process and re 
covery of chromium. Reclamation of 
copper and nickel within the plating 
process has also been under considera- 
tion. 


Chemical Treatment 


Continuous treatment of a mixture 
of plating wastes was necessary, as 
batch treatment was impractical for 
the flows anticipated. Although lesser 
quantities of chemical reagents are 
needed for batch treatment than for 
continuous treatment, the large vol- 
umes of plating wastes expected would 
have required a tremendous investment 
in holding tanks. 

Normally, tanks containing concen- 
trated solutions are not dumped dur- 
ing working hours. Any such disposals 
are made on week ends or at the end 
of the working day. This arrangement 
allows batch treatment of strong wastes 
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and results in a fairly uniform volume 
water. In 


and 


composition of waste 


‘ase of unscheduled dumping of strong 
nceentrated solutions, the plating line 
ervisor notifies the disposal plant 


»perator, so that the strong waste can 


be given special treatment in the sumps 


r reactors (Figure 2). The second 
ne of defense against accidental or 
necessa strong discharges includes 
provisions for feeding sodium bisul 
fite, milk of lime, and chlorine solution 
to the Accelator. Thus, strong slugs 
escaping satisfactory treatment in the 
reactors can be properly conditioned in 
the Accelator, which has a 2- to 3-hr. 
retention time The Accelator unit 
was originally installed as part of a 
water softening system, but has since 


verted to an essential part of 


) 
treatment plant 


Chromium Treatment 
The treatment of chromium wastes is 


out as a two-step process. So- 


solution 


waste at the 


dium bisulfite is mixed as a 


with the chromium line 


Low pli favors this 


if possible, the pH 


*sump 


reduction reaction; 
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should be maintained below 3. Reduc- 
tion of hexavalent chromium to the tri 
valent form continues as the liquid 
flows through the sump and the 
tion tank to the header transporting 
the mixed waste to the Accelator. At 
this point, the trivalent 


reac- 


chromium is 
removed by precipitating it as the hy 
droxide. This reaction takes place by 
increasing the pH and is accomplished 
by blending the wastes with the high 
alkaline cyanide waste and the addi- 
tion of milk of lime to the Accelator 
basin. H has been found that efficient 
removal takes place at a pH between 8 
and 9.5. The close control necessary 
on pH values and chemical feeding in- 
dicated the 


all control and indicating apparatus at 


advisability of centralizing 


one central location (Figure 3 


Originally, it was planned to reduce 


i1romium with 
this method 


numerous problems 


the hexavalent ¢ cop- 


peras llowever. pre- 


sented Copperas 
was inconvenient to use, due to the ex- 
cessive sludge formation in the system. 


It tends to cake in air over 60° F., giv- 
ing very troublesome feeding problems. 


Also, it is very difficult to handle along 


FIGURE 2.—View showing arrangement of stirring mechanisms in reaction tanks of 
chemical treatment unit. 
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FIGURE 3.—Control panel of plating wastes treatment plant facilitates close checking 
necessary in pH control, chemical feeds, and sampling. Visual checking of waste is pro- 


vided for by flow sights on table at left. 


with lime in a pneumatic unloading 
system without encountering addi- 
tional lumping and ecaking. In addi- 
tion, it is expensive, as it was found to 
require more than 8 lb. of copperas for 
the reduction of each pound of chromic 
acid and the resulting sludge adds to 
the cost of sludge disposal. Much less 
sodium bisulfite is required to reduce 
chromium, depending on the pH of the 
waste. Complete reduction of chro- 
minum at low concentrations is possible 
with sodium bisulfite, but it is not prae- 
tical with ferrous sulfate. 

At the Electric Auto-Lite plant in 
Woodstock, IIL, where chromium- and 
cvanide-bearing wastes are mixed, free 
cyanide has never been detected in the 
blended effluent. Apparently, the hex- 
avalent chromium oxidizes the free ey- 
anide 

If this is correct, 1 Ib. of hexavalent 
chromium as CrQ, will oxidize 0.75 Ib. 
of NaCN. As worthwhile savings in 
chemicals, both sodium bisulfite and 


chlorine, are possible through this pro- 
cedure, it will be investigated fully 
after the disposal plant is in full oper- 
Of course, there would be many 


ation 


operating difficulties, depending on 
ideal blending to meet the standards of 
effluent purity specified by state au- 
thorities. Even though such blending 
were employed, chlorinating and _ so- 
dium bisulfite feeding equipment must 
be available in case one or the other 
plating operations shut down, or to 
treat excess of one toxic material over 
the other. 


Cyanide Treatment 


The cyanide wastes are induced by 
the copper, nickel, cadmium, and zine 
plating installations. This waste water 
contains copper, zine, and sodium eya- 
nides and their complexes. The raw 
plating waste has a pH between 7.5 and 
10.5. Chlorine is added to this waste 
at the inlet to the sump for alkaline 
oxidation of the cyanides. Additional 
alkalinity is added at the point of chlo- 
rination to restrict the formation of ey- 
anogen chloride and nitrogen trichlo- 
ride, both very toxic and odorous gases. 
The excess alkalinity in the cyanide 
wastes is used to neutralize the acid oily 
and chrome waste when blended in the 
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oxidation reaction 


Accelator The 
takes place as the wastes flow throug! 
the sump and the two reactor tanks be 
fore being ble 


wastes in the 


nded with the other 
Accelator  basir A 


chlorine residual of approximately 95 


p.pm. 18 maintained in the reactor 
tanks. This high residual has bees 
found necessary to completel destre 


cyanide complexes. The excess reduc 
ing agent from the chrome wastes re 
acts with the excess chlorine from the 
vanide waste, when blended in the Ac 
celator basin, to give a residual chlo 
ine of 0.1 to 0.3 p.p.m. Inasmuch as 
the cyanide wastes are the most hazard 
ous wastes, it was believed more practi 
al to maintain an oxidizing condition 
in the Aecelator basin, which has the 
longest tank retention time in the sys 


The reaction of destroying free ey 
anides proceeds quantitatively and al 
most instantaneously between fr 
chlorine and free evanides. Theoreti 
eally, 2.73 p.p.m. of CL, and 3.08 p.p.m 
of NaOH are required for the oxidation 
of each p.p.m. of eyanide to cyanate 
In practice, however, for continuous 
treatment more chlorine is needed 
convert copper cyanide to a nontoxic 
substance 

To earry out the complete oxidatior 
to carbon dioxide and 
nitrogen, an additional 4.09 parts of 
Cl, and 3.08 parts of NaOH are required 
per part CN This reaction occurs 
actual practice excess 
chlorine also must he added for eon 


nletion of the reaction 


Acid Oily Treatment 
The concentration of oils, fats, and 


vreases in the acid oily waste waters 


ae 
has not exceeded 25 p.p.m. Neverthe 

less, segregation of oilv waste strear 
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of oil from the acid oily sump has been 


] 
if 


sufficient to keep the ether solub 
tent of the blended effluent to less than 
Partial neutralization of the 


COT 


acid waste is accomplished by feeding 
milk of lime to the acid oilv sump be 
fore being completely neutralized 


when blended with other wastes in the 
\ceelator 


Other Metallic Pollutants 


All of the other metallic pollutants, 
such as nickel, copper, zine, cadmium, 
ete., have been satisfactorily kept 
within the limits established by the 
State Health Department by precipita 
tion as the hydroxide on mixing with 
lime and by dilution with the com 
pletely treated chrome and cyanide 
wastes 

Sludge Disposal 

At preset nt, the sludge is being dis- 
posed by lagooning. However, plans 
are being made for the installation of 
ical dewate 


a me char ing system This 


method, it is believed, will be more eco 


nomieal than having to periodically 
are lere the laroons. and will also be 


mueh sal 


ym the standpoint of con 
taminating underground water sup 
plies 
Conclusion 
Primarily, the plant has been found 
effict nt to 
a and chemical 


to be satisfactory and 


erate Present cost dat 
analyses have indicated that it will be 
both economical and safe to reclaim the 
waste treatment plant effluent for the 
service water system, and planning is 
in progress to make the necessary 


changes 
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Stream Pollution 


SIMPLIFIED METHOD FOR ANALYSIS OF B.O.D. DATA * 


By Epwarp W. Moors, Haroip 


A. Tuomas, Jr., 


AND WILLIAM BREWSTER SNOW 


Associate Professor of Sanitary Chemistry and Associate Professor of Sanitary 
Engineering, Harvard University, Cambridge, Mass., and Associate 
Professor of Civil Engineering, Duke University, Durham, N.C. 


In the final analysis, the objective in 
measuring the biochemical oxygen de- 
mand of sewages, effluents, or indus- 
trial wastes is to determine the effect 
these wastes will have on the oxygen re- 
sources of the stream that 
them. However useful the usual 5-day 
B.O.D. may be as a practical means of 
controlling plant operation, it is gener- 
ally conceded that it does not give an 
answer to the problem of subsequent 
oxygen depletion in the stream. What 
is needed to be known is both the total 
ultimate oxygen-consuming power of 
the sewage, effluent, or waste and the 
rate at which this oxygen-consuming 
power is exerted with respect to time. 

It has long been known (1) that the 
equation of the unimolecular reaction-— 


y = Lil — 10-**) (1) 


receives 


represents a good first approximation 
of B.O.D. exertion with time. In this 
equation, y represents the oxygen used 
up at any time ¢t, L represents the ulti- 
mate oxygen demand, and k is a meas- 
ure of the rate at which that oxygen de- 
mand is exerted. In this formulation, 
L and k are the very factors most de- 
sired to be known; namely, the total 
demand and the rate at which it is 
exerted. 

However, in determining these values 
from actual data, there is at once a 

* Presented at Twenty-Third Annual Meet- 
ing, Federation of Sewage Works Assns.; Wash- 
ington, D. C.; Oct. 9-12, 1950. 


1343 


serious difficulty. Where the value of 
L is unknown, the form of the equation 
makes the determination of the values 
of k and L from original data impossible, 
except by methods of statistical analy- 
sis involving rather laborious computa- 
tion. Three such methods have been 
developed—the Reed-Cheriault method 
(1), the “log-difference’’ method of 
Fair (2), and the “slope” method of 
Thomas (3), each successively less labo- 
rious then the preceding one. How- 
ever, the authors feel that the extensive 
computations involved have deterred 
many workers in the field from making 
full use of the B.O.D. formulation and 
from expressing their results in terms of 
the desired parameters, k and L. 

[t is for this reason that there is pre- 
sented a fourth method, recently de- 
veloped, which promises to eliminate 
in large part the time-consuming com- 
putations. It is believed that there is 
much more information to be extracted 
from B.O.D. data than is usually ex- 
tracted from them, and it is hoped that 
other workers will be encouraged by the 
relative simplicity of the new method to 
forsake the 5-day B.O.D., except as a 
control test, and to measure the strength 
effluents, and wastes in 
terms of total oxygen demand and rate 
of exertion. It is believed that if this 
is done, many of the questions now 
raised as to the significance of the 
B.O.D. test eventually can be resolved. 
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Nature of the Problem 
The « ence of the 


secure tor a 


problem is to 
series ol determined values 
B.O.D. at 


conforming to Iq ] 


rious times that 
which best 
and to determine the con- 


This is 


these points, 


stants, k and L, of this curve 


Yy/L and (ty) for various values of k in 3-day sequence. 


a statistical problem; 
one of the 


presumably no 
values is any better than the 
others, and 
count. The 


all must be taken into ac- 
curve of best fit for any 
set of points is commonly considered to 
be that one for which the sum of the 


squares of the deviations of the points 


P 
of 
Set 
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FIGURE 2. 


from the curve is a minimum, and the 
various methods of analysis previously 
referred to are based on this principle. 
The method of analysis described herein 
arrives at an approximation of this con- 
dition by a simpler mathematical route, 
that of taking the moments of the deter- 
mined values about the vertical coordi- 
nate axis of the curve of B.O.D. vs. 
time. The authors have named it, 
therefore, the ‘‘method of moments.” 
In the presentation of it, first the appli- 
cation of the method will be described 


Yy/L and Xy/>i\ty) for various values of k in 5-day sequence. 


and the results obtained will be com- 
pared with those obtained by other 
methods. Then the mathematical 
principles underlying the method will 
be presented. The practical applica- 
tion of the method does not require a 
detailed understanding of its mathe- 
matical derivation. 


Application of Method 


As will be shown in the theoretical 
development, the sum of a given series 


| 
: 
Vol. 22, No. 10 1345 
ive 
on 
: 


t = — 
VS 
> 
= 
¢ 
= = ] = 
> ‘ 
< > 
+} > 
«Wi: 
< 
< Gs & 
> Ss & 


fray 
: 
Bute 
= 
| 
' 
5 
} 
ir 
aS 
4 
| 
4 
4 
| 
> 
“a 
{- 


Vol. 22, No. 


10 


apply only to a specified time sequence 
of observations, which must be selected 
in advance. 

The following example will serve to 
illustrate the method. The 20° B.O.D. 
of a raw sewage from a military instal- 
lation is tabulated below: 


bation Observed 
Time B.O.D., ¥ Product 
ty 
l 82 
2 112 224 
3 153 159 
163 652 
5 176 SSO 
6 192 1,152 
7 200 1,400 
xy = 1,078 = 4,849 


The first step in the procedure is to 
compute, for each observed value, the 
product, ty, of the time and the B.O.D. 
observed at that time. The sums of 
the observed B.O.D. values and the 
products, ty, are then taken. Then the 
quantity is computed; in 
this case, 1,078/4,849 = 0.2223. 

The time sequence is that shown in 
Figure 3. Enter this graph on the 
y/>d(ty) scale with the value 0.2223, 
extend a horizontal line to the curve 
labeled SSy/So(ty), and from this point 
follow a vertical line to the k seale. A 
value of hi 0.193 will be obtained. 

Extend the same vertical line to the 
curve labeled Soy/L, and the 
intersection follow a horizontal line to 
the scale labeled }Cy/L, obtaining a 
value of 5.27. Hence, L = 
1,078/5.27 = 205 p.p.m. 

The values of k and L are thus estab- 
lished by a relatively simple arithmetic 
operation, followed by reference to the 
appropriate graph. This graph can be 
used for any set of data conforming to 
this time series. It also can be used 
where the time series is any constant 
multiple of this series. If, for example, 
the time sequence in the above example 
were 2, 4, 6, 8, 10, 12, and 14 days, the 
computation would still be made as 
above, using 1, 2, 3, 4, 5, 6, 7 as the 
values of t, and the values of k and L 
determined. The k value obtained 
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would then be divided by 2, with the 
value of L remaining unaffected. 

Figures 1, 2, and 3 present graphs for 
three time sequences believed to be 
particularly useful. The authors will 
be glad to assist other workers in prepar- 
ing graphs for any other time sequences 
that may be desired. The requirement 
that the B.O.D. determinations be 
made on a rigid time schedule to con- 
form accurately to a specified time series 
is an obvious disadvantage of the 
method as compared with previous 
methods making no such demands. 
However, the great reduction in the 
labor of computation goes far in com- 
pensating for this disadvantage. 
Minor deviations from the predeter- 
mined time sequence have very little 
effect; for example, the error in the 
value of k that could be preduced by 
deviations of the order of 0.5 hr. would 
be at most 2 per cent, and ordinarily 
would be less than | per cent. For 
deviations of | hr., the greatest possible 
error would be 4 per cent. 


Reliability of the Method 


The Reed-Theriault method, based 
as it is on unmodified least-squares pro- 
cedure, must be regarded as the stand- 
ard method of computing k and L 
values for data not exhibiting a lag 
period. It is necessary, therefore, to 
test the method of moments against the 
Reed-Theriault method before accept- 
ing it as valid. A number of such com- 
parisons have been made on B.O.D. 
data accumulated in the course of work 
on other research problems. Table I 
gives a comparison of the results ob- 
tained by applying the Reed-Theriault, 
slope, and moment methods to several 
7-day series of B.O.D, determinations 
on a domestic sewage (4). Dilution 
water, seeding techniques, and proce- 
dure for these series were as prescribed 
in “Standard Methods” (6). 

Table Il shows comparative results 
obtained from analyses of B.O.D. data 
on a few industrial wastes. Length of 
series varied from 7 to 10 days in these 
experiments. 
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TABLE I.—-Values of k and L for Domestic Sewage as Determined 
by Analysis of Data by Various Methods 


t Method 


in lables | and Il 


demonstrate rather conclusively that 


the 
sults 


moment method vields valid re- 


In Table I, the & values obtained 


by the moment method in no case 
liffer from those obtained by the Reed- 
Cheriault method by much more than 


5 per 


the 


‘ven 


cent The values obtained for 
total ultimate demand, are in 


better iwreement tor the two 


methods. The term }°R*, which rep- 
resents the sum of the squares of the 


leviations of the individual points from 


} 


the theoretical curve given by the k and 


L values, is ne irly identi al tor the two 


methods 


In 


lable IL the disagreements be- 


n the | d-Theriault and moment 


are somewhat greater in in- 
ases than those noted in 
none of the five sets of 


Metho 


0.208 
0.109 
0.259 
0,253 
0.187 


0.212 
0.027 


values differs by as much as 10° per 
eent. Deviations in the values of L 
are even smaller in magnitude, only one 
exceeding 3 per cent The slope 
method, which is a least-squares treat- 
ment of the differences between suc- 

measurements, vields 

I) that are on the 


average slighth closer to the Reed- 


Cheriault method than are those of the 
moment method. The slope method 
is the simplest of least-squares proce- 
dures and has the added virtue that it 
yields results that are not influenced by 
the existence of lag periods or high 
initial demands. If the data exhibit 
sizable lag periods, the Reed-Theriault 
and moment methods give incorrect 
evaluations of k and L. A modifica- 
tion of the moment method that takes 


TABLE II. —Values of k and L for Industrial Wastes as Determined 
by Analysis of Data by Various Methods 


A 
1348 
= 
hs 3 0.158 197 248 0.146 204 275 0.165 195 265 oh 
oy 0.205 171 191 0.192 174 215 0.213 170 194 4 
0.192 140 132 0.18) 145 186 0.204 141 174 
oe 7 0,224 205 250 0.210 212 328 0.231 205 260 ae 
0.199 100 383 0.177 206 139 198 110 
13 0.194 173 120 0.186 176 120 172 132 
0.262 158 87 0.284 157 139 159 85 
141 0.255 150 51 0.275 149 O5 150 66 
ee 14 0.191 128 574 0.192 128 574 129 589 eat 
ag 17 0.186 225 300 0.197 222 318 226 320 eal 
ae Arith. mean 0.207 175 0.204 177 174 i] 
Sek Stand. dev 0.030 30 0.041 31 24 
The data show: 
— A 
method 
lividual 
Fable 1, | 
Reed-Theriault Met Slope Method Moment Methaa 
1. Sulfite pu ute. 0.02 0.152 1.89 0.151 0.151 1.00 
Sultite pu vaste, 0.02 0.130 1407 0.132 5.01 0.128 
oes 3. Sulfite pulp waste, 0.02 0.135 5.07 0.137 5.14 0.125 5.16 : 
pyc: 4. Peni iste, 0.045 0.132 5.54 0.148 5.42 0.121 5.72 
Baas 5. Penici vaste, 0.03 0.118 3.90 0.146 3.67 0.109 4.11 : 
ane L values for the industrial wastes refer to the ited material ; 
“os 
ip 
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TABLE III.—Reliability of Moment Method by Replicate Tests 


Test No 
2 3 
k L k L | k L 
0.219 | 170 | 0.202 | 140 0.227 | 207 
0.203 172 0.201 | 141 0.227 | 206 
alues for random single bottles 0.217 | 170 | 0205 | 140 =| 0.242 | 201 
0.213 169 0.199 142 0.227 | 207 
Means of singles | 0.213 170 0.202 | 141 | 0.231 | 205 
Standard deviations of singles | 0.006 1.1 | 0.003 0.6 0.007 2.5 
| | 
“Fine? ‘| 0.216 169 0.200 142 0.223 208 
Values for random pairs of | | | | 
Means of pairs | 0.213 | 170 | 0.201 | 142 | 0.230 
Standard deviations of pairs | 0.004 | 1.0 | 0.0004 | 0.07 0.007 | 2.5 
| 
Values for means of four bottles 0.213 | 170 0.204 | 41 0.231 | 205 


lag periods into account is presented in 
a succeeding section. 

The reliability of the moment method 
can be tested in another manner—that 
is, by taking a series of B.O.D. data con- 
taining, for example, four replicate 
bottles for each time and comparing 
the & and L values computed from ran- 
dom single bottles and random pairs of 
bottles with those computed from the 
means of the four replicates. This is an 
exacting procedure, because it combines 
a test of the reliability of the method 
with a test of the precision of the data 
themselves. The test has been applied 
to three 7-day B.O.D. series, in each of 
which four bottles were titrated on each 
day. ‘The results are shown in Table 
ILI. 

The results of the replicate tests tend 
also to confirm the reliability of the 
moment method. They also show that 
in carefully done B.O.D. studies, little 
is gained in precision by going from two- 
bottle to four-bottle replicate tests. 


Treatment of B.O.D. Data 
Containing a Lag Phase 


In B.O.D. studies there sometimes 
appears evidence of a lag phase in the 
first part of the curve—that is, the 


oxygen demand does not proceed initi- 
ally at its maximum rate. Many rea- 
sons for this behavior can be given; 
lack of adequate seeding is one of them. 
In other studies, the initial rate of 
B.O.D. is much higher than that mani- 
fested later. This type of curve ex- 
hibits what may be termed a negative 
lag. Such B.O.D. curves cannot be ac- 
curately formulated by the usual equa- 
tion unless the lag phase is taken into 
account. The B.O.D. equation with 
lag phase may be written in either of 
the following forms: 


y = L(1 — 10-**) (2a) 
or 
y = — C (2b) 


in which to is the lag period and C = 
10**%, The slope method has been ex- 
tended to permit evaluation of the lag 
(5), and the moment method can simi- 
larly be extended. As is the case with 
any statistical procedure, the addition 
of another variable increases the amount 
of computation necessary. 

The procedure for analyzing by the 
moment method a set of B.O.D. data 
containing a lag phase is as follows: 


1. Compute Sy and ¥ (ty) as previ- 
ously described. 
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and of to, the lag, from a previously pre- 
pared graph for the proper time se- 
quence. Figure 4 is the appropriate 
graph for the time sequence 1, 2, 3, 4, 5 
days. 

In the following illustration, the ini- 
tial rate of demand is abnormally high, 
producing a negative lag. 


B.0.D 
l 76 76 1 76 
2 ”7 198 4 306 
3 125 375 9 1,125 
4 144 576 16 2,304 
5 155 775 25 3.875 
15 509 2,000 55 7,776 
Chen 
n 5995 = 119.8000 
(ty)/St = 2,000/15 = 133.3333 
(ty) = 7,776/55 = 141.3818 
and 


(ty)/St — Ly/n 
Liey)/XCe Ly/n 
133.3333 — 119.8000 
141.3818 — 119.8000 


= ().6271 


Enter Figure 4 on the vertical axis la- 


. 
beled with the value 


0.6271, and proceed horizontally to the 
diagonal straight line. Extend a verti- 
cal line to the axis labeled k and read k 
0.095. Extend the vertical line to 
XKy/n 
CL 
concave downward), and proceed hori- 
zontally from the intersection to 
the seale at the far right; read 
CL 
133.3333 — 119.8000 
0.0778 
Continue the same vertical line 
L— 
to the curve labeled CL , 
read horizontally on the inside right- 
— Yy/n 
Ch 
L = 0.544(173.9) + 119.8 = 214 p.p.m. 


the curve labeled 


Hence, 


= CL,andCL = 
173.9. 

and 
Then 


hand scale 0.544. 
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CL 1739 
Also, C= = = (0.812 and to, 
the lag period, = logwl = 
(—0.091) = —0.96 day. The com- 


plete equation of the curve of best fit 
for the data is then 


y = 214(1 — (3) 


Mathematical Basis of Method 


In considering a number of deter- 
minations, n, of B.O.D. at any specified 
times, ¢), to, ty, ete., according to any de- 
sired sequence, the observed individual 
values, ¥1, Ye, Ys, ete., of the B.O.D., can 
be matched against their corresponding 
theoretical values as derived from Eq. 1. 

By equating the zeroth moments of 
the observed and theoretical values, the 
following expression is obtained: 


= — 10-**) (4a) 


(Caleulated 
values) 


(Observed 
values) 


Changing to the Napierian form* to 
simplify subsequent calculations, 


Kti) 


n n 
(4b) 


in which K = 2.3026 k. 
Eq. tb can be reduced to 


n 
i—( i=) 


Similarly, the first moments of the 
observed and theoretical values may be 
equated obtaining the following ex- 
pression: 


n n 


(ty) = (ty) 


10-**)t; (5a) 


* This transformation is optional. It allows 
the use of tables of exponentials for subsequent 
computations, but the same results can be ob- 
tained by computing the values of 10~** directly. 
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which can be transformed to 


Dividing Eq. 8 by nL gives 


ban — 


iminated by dividing Eq. 4e 


iq. 9 contains only known terms, ex- 


> y n-+ cept for L For example, for the series 
6 2 4, 8. 6. 7 days, it becomes 


Kg. 6 represents the heart of the l 


method. ‘The left-hand side is deter- 10) 
nined lely by the time sequence 
alues of t;) of the observed data and Kvaluating the right-hand side of : 
by the observed values of B.O.D. Eq. 10 by assuming values of K, it is 
values of y,) obtained at these times. possible to plot the second curve in 


The right-hand side is determined by Figure 3, which is a graph of the term 


observations, and the value of K, the L, 
rate constant of the B.O.D. the value of L once the value of & has : 
A time sequence can be chosen been determined, as shown in the eXx- 
for example, ¢ 1,2, 35,4, 5, 6,7 days ample. Similar pairs of curves for 
for which n 7 and § 28-—and other time series can easily be prepared, 
liq. 6 reduced to an equation in terms and two others are included in Figures 
values and A, thus: 
(7b 
ues desired for K The mathematical development. of 
ind hence for it is a simple matter the theory and graphs for the method y 
( iluate the right-hand member of with lag phase is omitted in the interest ie 
the equation, using a table of exponen- of brevity, but will be made available - 
il function With enough values, a by the authors to those workers who 4: 
graph can be prepared of this right-hand — desire it 
term aga t the assumed values of / 
it } 


ie origin of the graph in Fig Summary and Conclusions 
emploved in the exam- 


ple illustrating the method. Similar \ simplified method has been pre- 
rap! : n be prepared for anv desired sented for determining the rate con- 2 
me sequence stant, k, and the ultimate biochemical 
It remains only to develop an equa oxygen demand, L, from any set of . : 
m for determining L Chis is done B.O.D. observations. The method , 
by returning to ] ic, eliminating the entails a minimum of arithmetical cal- 4 

erm f 0) 0, which gives culation and permits evaluation of k 

7 and L in a much shorter time than any 

nl L> 8) previous method. It requires only 


that observations be made at some 
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previously selected sequence of time 
intervals for which the necessary graphs 
have been prepared. The authors have 


included in this paper graphs for a few 


METHODS FOR ANALYSIS OF B.O.D. DATA 


1353 


time sequences believed to be useful, 
but will be glad to assist other workers 
in preparing graphs for any other se- 
quences that may be desired. 


References 


teed, L. J., and Theriault, E. J., “The 
Statistical Treatment of Velocity Data.” 
Jour. Phys. Chem., 35, 673 (1931); 35, 
950 (1931). 

Fair, G. M., “The ‘Log-Difference’ Method 
of Estimating the Constants of the First- 

Oxygen Demand 

Works Jour., 8, 3, 


siochemical 
Curve.” Sewage 
430 (May, 1936). 
3. Thomas, H. A., Jr., “The ‘Slope’ Method of 
Evaluating the Constants of the First- 
Stage Biochemical Oxygen Demand 


Stage 


Curve." Sewage Works 
$25 (May, 1937). 

1. Snow, W. B., “Biochemical Oxygen De- 
mands of Chlorinated Sewage.” Doc- 
toral thesis, Harvard Univ. (1948) 

5. Thomas, H. A., Jr., “Analysis of the Bio- 
chemical Oxygen Demand Curve.”’ 
Sewage Works Jour., 12, 3, 504 (May, 
1940). 

6. “Standard Methods for the Examination of 
Water and Sewage.” 9th Edition. 
Amer. Pub. Health Assn. (1946) 


Jour., 9, 3, 


DISCUSSION 


By C. C. RucnnHorr 


Chief, Physics and Chemistry Section, Research and Development Branch, Environmental 


Health Center, U. S. Public Health Service, 


Since 1936, the Sanitary Engineering 
group at Harvard University, under 
the leadership of Dean Gordon M. Fair, 
has presented a series of constantly im- 
proved methods for deriving the con- 
stants for the unimolecular curves of 
best fit for B.O.D. data. The present 
paper by Moore et al. carries this prog- 
The deri- 
vation of the oxidation rate constant, f, 
and the apparent L-value for the uni- 
molecular curve has now been simplified 
so that any one with a knowledge of 
simple arithmetic and provided with 
the proper charts may easily determine 
these parameters of the equation that 
fits his data. 


ress forward another step. 


The “moment method” 
actually require less labor than any of 
the graphical methods of approximat- 
ing k and L which have been popular 
because of their simplicity. In addi- 
tion, the moment method has the ad- 


appears to 


vantage of being a definite procedure 
requiring no discretionary decision on 
the part of the user. In the application 
of graphical procedures, there are fre- 
quently a number of combinations of 
ke and L which will give a fair fit of the 


Cincinnati, Ohio 

data. This may lead an honest ob- 
server to select or test values most com- 
patible with his views and lead to er- 
roneous conclusions. 

The Thomas ‘“‘slope method” (1) has 
been used extensively over a long period 
in the Cincinnati laboratory. A few 
years the laboratory developed 
modified formulas, which greatly 
shorten the work of calculation for the 
slope method when continuous obser- 
vations at equal intervals are available. 
These formulas are as follows: 


ago, 


2 At 


Yu Yt-1 — Yor 


and y Al 


in which y; is the B.O.D. of the last ob- 
servation in the the 
B.O.D. of the second last observation, 
yo is the initial B.O.D. observation 
zero, unless the calculation is started 
at other than t = 0), y; is the first 
B.O.D. observation after yo, and At is 
the time interval between observations 
(usually one day 

These two formulas permit obtaining 


series, is 


| 
4 

3” 
9 
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2 
+ 
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he summations of y’ and y 7 directly 


without the calculations that are nec- 


ssarv in the ex ample given by Thomas 


2 The summation of the B.O 1) ob- 
servations, y, the y7 summation for the 
series, and the summation values for 


1 in the two 
and solved 


iply substitute 
aneous equations 

lhe Thomas slope method, with the ap- 
plication of | l and 2 to simplify the 
ilculation, has been used in the Cin- 


cinnati laboratory for a number of 
Cal 1d proven very satisfactory 
Most of the observations are made con- 
tinuously at equal intervals. Thus 


the time-saving formulas (Eqs. 1 and 2 
have been very useful 

The calculation of the lag factors, as 
embodied in either the modified slope 
method or the present moment method, 
has never seemed to be worthwhile in 
this work Che positive lag is a real 


thing, especially when low-temperature 


B.0.D. observations are made Under 
such circumstances, it is preferred sim- 
ply to examine the data and apply the 
| ition to the data after recovery 
from lag is indicated. Data embody - 
ng such te hnique have already been 
published (4 
The phenomenon referred to by the 
iuthors “negative lag” is an entirely 
different situation resulting from other 
LUSeS However, it serves illus- 
trate the fact that there are various 
Do bie patterns of biochemical oxida- 


n in water and that these do not all 


fit the unimolecular equation 

It should be understood that there is 
nothing fundamental about the uni- 
molecul equation in relation to bio- 
hemical oxygen demand satisfaction 
Phe ippl ition of the equation to 
B.O.D. dat empirical in nature 
Its suce nti fitting Is essentially 
due to the tremendous flexibility of this 
xponent m. This equation 
wher t } ery lefinite 

1) I ! nal 3 
permit he rate o 


series to be indicated by a single value, 
k; and (3) It fixes an apparent limit for 
the so-called ultimate demand. This 
ultimate demand appears to be entirely 
theoretical, but it is useful for compara- 
tive purposes. Although the equation 
has been developed on various pseudo- 
theoretical grounds, in connection with 
B.O.D. observations, there is no simple 
basic factor upon which the general 
nature of the course of such observa- 
tions can be explained. It is believed, 
therefore, that such a mathematical 
sophistication as the negative lag has 
little value of either a practical or the- 
oretical nature It 1s, however, a good 
example of mathematical perfection- 
ism. 

The course of biological oxidation in 
dilute solutions is determined by fac- 
tors that are by no means simple. It 
represents the results of the growth and 
metabolism of a complex and dynamic 
microbiological system on a substrate of 
varying complexity. Factors which 
mav be exper ted to affect the course of 
the oxidation include: 


1. The numbers and complexity of 
the microflora and microfauna 

2. ‘The concentration and complexity 
of the organic constituents in the sub- 
strate. 

ai Che presence of the necessary 
mineral accessory nutrients. 

1. The pH and buffering capacity of 
the substrate 

5. The presence of toxic or enzyme 
de-activating compounds. 

6. The temperature. 

7. The presence of dissolved oxygen 
or other hydrogen acceptors 


Although most of these factors are 
fairly well controlled in studies of bio- 
chemical oxidations, very little control 
is maintained over the biological svstem 
or seed. Further progress in under- 


tanding the basic causes for variations 
n biological oxidations may be ex- 


pected as a result of several different 
types of studies now in progress At 


the Environmental Health Center, the 


| 


hy 
. 
of 
| 
: 
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dissipation of particular food compo- 
nents in complex substrates by a com- 
plex flora are being studied. At the 
Massachusetts Institute of Technology, 
Sawyer and Tom are making intensive 
studies on the effect of the nature and 
quality of material on the 
course of biological oxidation. At Rut- 
gers University, members of Dr. Ru- 
dolfs’ staff are applying ‘the direct 
oxygen utilization method, which per- 
mits the study of concentrated wastes, 
to problems associated with the oxida- 
tion of sewage and industrial wastes 
At the Illinois State Water Survey, 
Buswell and his associates are continu- 
ing on studies of factors involved in the 
nitrification phase of biochemical oxida- 
tions. Another attack is being followed 
at the University of Wisconsin, where 
Nichols and Zehnpfennig are investigat- 


seeding 
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ing the oxidation of substrates by con- 
trolled microflora. 

The moment method should simplify 
the analysis of the data obtained in 
these and other B.O.D. studies. Be- 
fore the moment method can be useful 
generally, there is need for the prepara- 
tion of a wider variety of moment 
charts than are shown in Figures 1 to 
1. The Harvard group, or some other 
organization, could perform a real serv- 
ice by preparing the necessary charts 
required for the indicated calculations 
with other common combinations of 
which may be used. 
When the appropriate charts become 
generally available, the moment method 
should prove to be an extremely useful 
tool to all those interested in stream 


observations 


investigations or research studies on 
biochemical oxidation patterns 
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CORRECTION 


In the paper on ‘‘Simplified Dissolved Oxygen Computations”’ 
(Tris JournaL; Aug., 1950), a key sentence was inadvertently de 


leted in the course of editing. 


The sentence 


“It will be noted that Eq. 6b takes the form of a straight line 


(y=ma2z+b) 


if 1/Q is used in place of Q as abscissa (2x). 


should be inserted on page 1057 following the words ‘*( Figure 2)’’ 


in the fifth line below Eq. 6b. 
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of the Corner ing.’’ Not four months after half- 
hourly contact with the police depart 
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ne, this same operat 
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AV ed 


vestigate when he hadn’t ea 
hlorine leak, plus a fall on the slippery 
occasioned thereby, surely would 
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one else handy in ease of nee 
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Simple things can cause mishaps. 
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Flow meters for waste measurement 
fall into two categories. The first class, 
differential head meters, is used for 
measurement in completely filled pipes 
and includes such primary devices as 
orifice plates, nozzles, and venturi tubes 
and a suitable differential pressure me- 
ter. The second category, known as 
head-area meters, is used for measure- 
ment of flow in open channels and par- 
tially filled pipes. Examples of this 
type meter are weirs and Parshall 
flumes. 

As complete coverage of the subject 
would be exceedingly lengthy, this pa- 
per merely points out the advantages 
and limitations of each of the most com- 
monly used devices as an aid in the se- 
lection of meters for specific applica- 
tions. 


Differential Head Devices 


The differential head meter, as pre- 
viously mentioned, requires that the 
pipe be kept filled with fluid for satis- 
factory operation. All primary devices 
for use with such meters are basically 
differential pressure producing resist- 
As the fluid enters the resist- 
ance, the velocity is increased, with a 
loss in static pressure. It is this drop 
in static pressure that is measured as 
an indication of flow. 


ances. 


Venturi Tube 


The venturi tube (Figure 1) is the 
oldest of the modern primary elements. 
The designs used today are essentially 
the same as those used by Clemens Her- 
shel in 1887. The venturi tube consists 
of a conical reducing section, a eylin- 
drical throat section, and a diverging 
exit cone. The transitions from the 


~ * Presented at 1950 Annual Meeting, Ohio 
Sewage and Industrial Wastes Treatment Con- 
ference; Cincinnati, Ohio; June 28-30, 1950. 
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entrance cone into the straight throat 
are rounded off by an easy tangential 
curve to avoid the resistance caused by 
a sharp corner and also preclude the 
possibility of cavitation. The differen- 
tial pressure is measured between taps 
located slightly upstream of the en 
trance cone and at the throat. 

When the venturi is used with clean 
fluids, a piezometer ring is usually used 
at both of these points to obtain the 
average static pressure at each point of 
measurement. For many sewage and 
industrial waste applications the pie- 
zometer rings are replaced by a single 
tap at each measurement point. With 
this arrangement, clear liquid purges 
may be used to keep the taps open. An 
alternate scheme, which is often used, 
is a manually operated cleaning valve. 

The entrance cone generally has an 
included angle of 21° and the exit cone 
an included angle of 7 This design 
gives the optimum pressure recovery. 
Usually about 80 to 90 per cent of the 
pressure drop at the throat is regained. 
Other angles have been used to reduce 
the length and weight of tubes, but this 
is done at a slight reduction of the pres- 
sure recovery characteristics. 

Cast iron is the most common metal 
used for venturi tubes. However, spe- 
cial tubes of other materials may be ob- 
tained to overcome corrosion problems. 
Brass, bronze, stainless steel, conerete, 
and even rubber-lined tubes have been 
supplied. 

The venturi tube has the following 
advantages over other differential de- 
vices: 


1. Tapered approach and exit cones 
give lowest pressure loss. 

2. For the same head differential and 
diameter, flow rates will be approxi- 
mately 50 per cent higher than for an 
orifice. 
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diagram of venturi tube. 
2. Shorter meter runs are permissi- 
ble than for an orifice 
3. It can be simply installed between 
pipe flanges 


Phe disadvan ages are 


1. Although its cost is below that of 
a venturi, it is still much higher than 
that of an orifice. 
2. Experimental work remains to be 
done in order to determine complete 
oefficients. 
4. Not suitable for liquids contain- 


ing solids in suspension. 
Orifice 


The orifice is probably the oldest de 
vice for measuring or regulating fluid 
flow. Reeords show that it was used to 
measure flow to householders in Rome 
during Caesar’s time. Nevertheless, it 
did not receive real recognition as a 
commercial primary element until 
about the time of World War I. 


The most common type of orifice is 
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FIGURE 2.—Schematic diagram of flow nozzle. 
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the concentric orifice. It consists of a 
thin flat plate with a round hole, 
mounted between standard pipe flanges 
so that the hole is coneentrie with the 
pipe. 

The Fluid Meters Committee of the 
American Society of Mechanieal Engi- 
neers has spent considerable time and 
money studying the characteristies of 
flow through thin plate orifices. With 
the data obtained, orifice plates can be 
calculated and installed to measure flow 
with accuracy equal to that of the best 
venturi tubes. Orifice plates are usu- 
made of stainless steel, although 
other materials such as glass and monel 
metal have been used. 

Figure 3 shows the pressure charac- 
teristics at the orifice. The pressure 
builds up slightly in front of the orifice, 
then drops suddenly on downstream 
side and continues to drop for a short 
distance along the pipe before the re- 
covery starts. The point of minimum 
pressure and, incidentally, maximum 
velocity, is known as the vena contracta. 
It can be seen that the points at which 
the differential pressure measurements 
are taken are critical. For this reason, 
the Fluid Meters Committee has estab- 


ally 


MERCURY 


FIGURE 3.—Pressure characteristics at a concentric orifice in a pipeline. 


PIPE DIAMETERS 


lished orifice coefficients for the three 
standard pressure tap locations. These 
are known as flange taps, vena con- 
tracta taps, and pipe taps. 

Flange taps are, as the name implies, 
They are 
spaced 1 in. upstream and downstream 
from the orifice. Standard tapped 
flanges are available and are simpler to 
install than the other two types, as no 
drilling and tapping of the pipeline is 
required. 

Vena contracta taps are made with 


made in the orifice flanges. 


the upstream tap 1.0 pipe diameter 
from the orifice and the downstream 
tap at the vena contracta, usually 


about 0.5 pipe diameter from the ori- 
fice. These are not quite as easy to in- 
stall, but are slightly more accurate 
than flange taps. 

Pipe taps utilize only the permanent 
Therefore, the differen- 
tial pressure will be considerably less 
for a given flow than with flange or 
vena contracta taps. Pipe taps are lo- 
cated 2.5 pipe diameters upstream and 
8 pipe diameters downstream from the 
orifice. 

The orifice has the following advan- 
tages : 


pressure loss. 
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1. The cost is low. For example, an for each of the primary elements dis- 
ine costs about cussed. Although it may appear that 
$17. A nozzle for the same line will the principal advantage of the orifice 
cost approximately $135; a venturi, over the other forms is its low cost, by 


about $375 proper design of or‘fice and selection 


2. It can be made in any machine of meter range the other objections of 
shop with conventional tools and in lower capacity and higher pressure loss 
stalled between standard pipe flanges can be overcome 
available from any piping suppl 


house Differential Head Meters 


The disadvantages are All of the meters for measurement of 

flow through these primary elements 
1. The pressure loss is higher than are primarily differential pressure 
measuring devices. As such, they must 


contend with the fact that flow through 


2. Flow capacity is less than for a 


tl or WAG the excer io t } 
venturi or at xception t0 any of these primary devices 1s propor- 
the le the ens yt ipe taps 
au OF Pip tional to the square root of the differ- 
where the flow capacity is comparable ential pressure. 
o @ venturi The simplest type of secondary in 
t is t suitable for ulds carr . > 
It ist table for liqui nae) strument is a variation of the common 
i pension mercury manometer. <A typical meter 
Lor ines are require 


of this type is shown in Figure 6. It 
‘consists of a float chamber, a range 


Work is iow being carried on by the tube, and a connecting U-tube. The 
Fluid Meters Committee to determine differential pressure created by the pri- 
efficients for se eymental and eccentric mary element is connected to the float 
rifices (Figure 4 In these orifices hamber and range tub: In this de- 
the opening is placed tangent to th sign the float chamber is the high-pres- 
bottom of the pipe. When these data sure side of the manometer. This is 
become available the limitations re not necessarily the case in all meters of 
varding measurement of suspended sol this type. 
ids with the orifice plate should be re As the differential pressure increases, 
moved the mercury level falls: in the float 
Figure 5 shows a comparison of the ‘hamber and rises in the range tube, 
neipa ipplication considerations ausing the float to rotate a shaft in a 


FIGURE 4.—Types of pipeline metering plates now under study, including concentric, 
eccentric, and segmental orifices. 
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COMPARISON OF DIFF 
HEAD TYPE PRIMARY 


PROPERTY 


E 
E 


CONCENTRIC 
ORIFICE 


Accuracy Excellent Excellent 


Cost Excellent 


Pressure Loss Poor 


Suitability for Solids in 
Suspension 


Range Changing Ease 
— 


Excellent 


Capacity for a Given Line Size 


Excellent Excel lent 


Length of Straight Pipe 
Required 


Excellent Excel lent 


FIGURE 5. 


This shaft 
Range tubes 
are made in an interchangeable series, 
so that the range of the instrument may 
be changed by merely replacing the 
tube. This type meter has 
square-root charts and scales, 

Other types of secondary 


pressure-tight bearing. 
moves the pen or pointer. 


range 


instru- 


FIGURE 6.—Simple differential pressure 
flow meter. 


ments use cams, shaped range tubes, 
shaped bells, or other mechanical and 
electrical means to extract the square 
root function and use uniformly grad- 
uated charts. Square-root charts give 
best readability and accuracy at the 
high end of the seale, whereas linear 
charts have improved readability at 
the low end. The choice of chart is 
primarily a matter of personal prefer- 
ence. 

Secondary meters are available in a 
wide variety of forms. These inelude 
electric and pneumatic transmission, or 
direct-connected instruments. Indicat- 
ing, recording, integrating, and con- 
trolling instruments 
for almost any 


ean be obtained 
combination of these 
functions. 

In specifying instruments for a given 
application, the meter manufacturer 
will insist on knowing all the conditions 
involved. If the application requires 
special consideration with respect to 
corrosion, head loss, or solids in suspen- 
sion, he will advise the best form of pri- 
mary element and meter for the par- 
ticular application. 
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Head-Area Devices 


both the Cross 


aurea meters, 
al area of the stream and the 
ire variables, but not independ 
tf each other; the area is a fune 
of hea: These meters are limited 
measurement of liquid flow in open 


Parshall Flume 


Phe most widely used primary device 

of the head-area meter type for sewag 
nd industrial wastes is the Parshall 
me (Figu i It consists of an en 
trance section with converging walls 
a level floor, a throat seetion with 
parallel wa and downstream sloping 
floor, and an exit section with diverg 
ng walls and a rising floor If the 


a chan 


installed in 


SECTION L-L 
FIGURE 7.—Basic elements of Parshall flume. 
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inlet from the A 
stilling well should be provided at the 


entrance, 


section 


point of measurement to permit more 
accurate reading of the head. 

The Parshall flume 
ing advantages over 
l-area 


follow- 
other 


has the 
welrs or 


hea meters 


l. It is easy to construct and may 
be made in a variety of materials 
wood, sheet metal, or poured con 
crete 

2. Solids in suspension are readily 
carried through the flume and do not 
affect the measurement accuracs 

3. Wide variations in capacity are 
possible. Flumes have been made with 


throat sections as small as 3 in. and as 


large as 50 ft. 


1. The loss of head required for 


ime 18 properly flow measurement is extremelv small 
nel, the rate of flow through the flume 
un be determined by a single meas The only disadvantage of the Par- 
urement of the head or level made at shall flume is that its accuracy is not 
it point one-third of the length of the as high as that of a well-made and 
DIRECTION 
OF FLOW ~ 
OOWNSTREAM 
C 
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properly installed weir. Accuracy is 
generally stated to be within 2 to 5 
per cent. 


Weirs 


A weir is a dam in a stream with a 
notch cut in the crest. The most com- 
mon notches are rectangular, triangu- 
lar, and a combination of the two, 
trapezoidal Rectangular weirs gen- 
erally are used for large flows where 
the variations between maximum and 
minimum flow are not too wide. The 
triangular weir is used for accurate 
measurement of small rates of flow 
and is particularly sensitive to changes 
in rate of flow at the low end of its 
range. The trapezoidal, or Cipolletti 
weir combines the features of both, 
having wider range ability than either. 

Although the weir is the most ac- 
curate of the head-area meters, it has 
several limitations as a primary ele- 
ment for industrial use: 


1. It requires construction of a weir 
box to obtain the proper flow approach 
to the weir. 

2. Sediment in the fluid will settle in 
the weir box, with adverse effects on 
the weir calibration. 

3. The loss of head through the weir 
will be equal to the head measured. 


Kennison Nozzle and Parabolic Flume 


Two other head-area devices in use 
today are the Kennison nozzle and the 
parabolic flume. They are both suit- 
able for measurements of fluids contain 
ing solids in suspension. Like weirs, 
however, they must operate with a 
high loss of head compared to the Par 
shall flume. 


Head-Area Meters 

The measuring devices used for 
head-area meters are generally float 
actuated. Motion of a float riding on 
the liquid surface in the stilling well 
is transmitted to the instrument by a 
cable or tape. The instrument usually 
incorporates a cam or other device that 
extracts the proper function to give a 
uniform flow scale. These instruments 
are also available in the recording, in- 
dicating, and integrating forms of the 
differential head meters. 


Summary 
This paper has presented but a brief 
glimpse of the principal primary de- 
vices and meters for waste flow meas- 
urement. It is hoped, however, that 
it has pointed out the wide variety of 
meters from which to choose, and ex 
plained some of the reasons for having 

so many types available 
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Marion, Indiana 
By Davin P. BackMEyYEr, Superintendent 


March 5—Received a new impeller 
for the 4,000-g.p.m. sewage pump, 
which is gas engine driven. The old 
one will be outfitted with new wearing 
rings and kept as a spare. This was 
the original pump impeller; it had 
handled 5,902 m.g. of raw sewage. The 
20-in. gate valve on the suction side of 
the pump was a most interesting piece 
of equipment to dismantle (it would 
not operate until it was dismantled 

The valve housing proved to be an ex- 


cellent storage place for such items as 
nails, paper clips, wood serews, metal 
serews, razor blades, bottle openers, 
keys, bus fare tokens, metal washers, 
curtain clips, rifle bullets, general sew- 
age mineral grit, and even a couple 
of U.S. copper coins. The efficiency of 
the pump increased about 15 per cent 
with the installation of the new im 
peller, which has a stainless steel wear- 
ing ring working inside the bronze 
easing ring 
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March 9—Local electricians 
pleted the installation of new service 
nes to all inside and outside power 


units that were formerly fed by under- 


il | id athed ecabl Failure 
was due to moisture, which penetrated 
ad prote ‘ eoauting, Rey 
ment ma slng eX] sed 
metal conduit wher possible; no 


March 10—Our front yard was 


t haircut of the spring 


The at en, all st purple color is 
something to marvel at this vear. The 
plant tt . e this area a 
trie ! ne W th dice sted 
iY ‘ icipre ast December The net 


result is a beautiful lawn, combined 


with an almost endless maintenance job 


trying to keep it cut during the 
Wet spring 1 nths 
March 12 -We got some peculiarly 
colored sewage this afternoon. Upon 
irea of the city. we 


i? 
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found the City Water Department was 
opening fire hydrants in the annual 
main flushing program. The resultant 
coffee-colored water flowed to our sew- 
ers at about 1,000 g.p.m. while this 
work was underway. The discoloriza- 
tion was due to the iron in the well 
water supply, which oxidized and set 
tled out in the water mains. Some of 
the wells contain as much as 3.0 p.p.m 
ron, 
March 14—Our stone quarry lake 
see Figure 1). about two-thirds of an 
acre in area, is loaded with its first 
algae bloom of the spring. The water 
looks like thickened green paint. Dis- 
solved oxygen tests made on this wa 
ter indicate these plants are adding 
considerable quantities of pure oxygen 
to the upper strata of the pond. The 
water contains considerable nitrogen as 
a result of the discharge of sewage 
plant effluent into the lake on various 
occasions. Samples taken at lower 


FIGURE 1.—Lake in abandoned quarry enhances beauty of Marion, Ind., sewage 
treatment plant. 
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depths do not show supersaturated 
concentrations of dissolved oxygen 
An around-the-clock sampling and 
also verifies the well- 
that ‘told man’’ sunshine 
important part in the ac- 
tivity of the algal growths 

March 15—Construction of a new 
fence is underway for conservation of 
and swans at the quarry 
ake The fence posts are cedar and 


analysis survey 
known fact 


prays at 


the ducks 


Common 26-in. 
hog fence with two strands of barbed 
mn top should encourage our live- 
at home. At a $125 per 
pair cost for swans, we don’t like to 
see these birds take off for the nearby 
river and forget to return home. On 
the local citizenry 
keeps our phone buzzing to let us know 
that our prized fowl are in the im- 
mediate neighborhood. 

March 16 


encoul tered 


are all set in concrete. 


stock to stay 


such occasions 


Considerable trouble is 
with the incandescent 
lamps serving as night lights (con- 
tinuous night operation circuit) in the 
building. The relatively 
short life of these lamps is attributed 
to the vibrations in this building 
caused by the operation of the gas 
engines and blowers. Two new lamps 
of mereury vapor type are installed 
to replace four of the original fixtures. 
We now have some rather weird color 
combinations on the equipment in this 
The tile-red foundation 
blocks acquire a faded maroon color, 


compre ssor 


building. 


and the blue trim on the gray enameled 
equipment is no longer very attractive. 
These undesirable features will be tol- 
erated if the service of the new lamps 
proves to be satisfactory. 

March 23——-A severe downdraft 
dition in the stack of the gas-fired 
heating boiler has resulted in discharge 


con- 


of foul odors to the office and adjacent 
building. In 

ation of an H-type anti-downdraft 
vadget on top of the chimney has not 
cured the situation. The condition 
was more pronounced on cold, windy 
days when the stack temperature was 
lowered, and apparently the flue gases 


rooms in the service 
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of the boiler could not raise this tem- 
perature. As a result of an inspection 
made by a local heating plant engi- 
neer, we ordered and installed a posi- 
tive motor-driven fan directly in the 
furnace pipe at the entrance to the 
brick chimney. The blower requires 
0.5 hp. for its operation, but the added 
operation cost for power will be a 
minor investment in the light of solv- 
ing this perplexing problem. The unit 
also affords an additional positive 
means of ventilation for our large 
basement room, which houses most of 
the sewage gas control equipment. Ex- 
cessive discharge velocities of flue gases 
from the boiler are prevented by the 
regulation of a conventional damper 
in the boiler stack, thereby permitting 
efficient utilization of the sewage gas 
fuel in the heating unit. 

April 7—A local wire processing 
plant filed a request for special con- 
sideration on sewage disposal rates for 
the large volumes of uncontaminated 
cooling water they were forced to dis- 
charge to the sanitary sewer system 
(there separate storm relief 
sewer available at the factory site) 
They were advised to make a technical 
presentation of their case to the Board 
of Works, pointing out specifically 
what reductions in treatment 
might be realized by the city im han 
dling this type of waste water at the 
treatment plant 


was no 


costs 


The company com 
plied by submitting a report prepared 
by a reputable engineer, who had had 
several years of experience as manager 
of a large municipal treatment works. 
This report was so convineing that a 
discount agreement 
granted to the industry. 


temporary was 
The final so 
lution to the problem was accomplished 
installed dis 
water on its 


by the industry when it 
posal facilities for this 
own property 

April 8 overloaded digestion 
system has been producing very little 
good-quality supernatant liquor. We 
classify good supernatant as that hav- 
ing a total solids content of less than 
3,000 p.p.m. A digester tank opera- 


Our 
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np ram was outlined that enabled 
is th econdary digester out 
f h length of time . 
permit vithdrawal of 

t This period proved t 

be 10 da iring which time nothing 
‘ | | nto or withdrawn fron 
tI This is additional proof 
that need additional digestior 
pacit Out lled = digested 

( t t to a total s lids ‘on 
tent ou nt during the heavy 
toad Sea ! We have on plete plans 
for th roetion adaitior il 
vestion capacit: but we do not have 
the necessary dollars at present to pro 
ceed with t project 
April 11—-We begin our annual air 
diffuser tube cleaning program for this 


spring Wi plan to wget this job eom 


pleted before the added summer load 
ht pre nt th completion of this 
vork, which usually takes about six 
dual tanks are success 
ively taken out of service while the 
carborundum tubes are removed from 


cleaned. There are 


four tanks, 


ne ih one is washed in detergent 
solution, soaked in chromic aeid for 
hr., thoroughly rinsed, and then re 
nted on the header \ special 
e-saving gadget has been built for 
inking 60 of the tubes in the aeid 


solution at one time (see Figure 2) 
asket is fabricated to our spees 


ana Ss made a id resistant stainless 
he acid-storage tank is a re- 
{ rubber-lined tank that was 
forr part of the 1 im filtration 
| solution quipment. 
tf is used to facilitate 
April feeder lines) in 
t} thor { { channels. which 
nlate diffusers in 

vill have to } repla ad 

ts toll! T 
Lilie il i? ed 

wr that vas eare f 1] 
with rubber-base 
he failur the or nal galvanized 
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pipe were principally at the threaded 
nds, where there was no protection 
ver the exposed eut surfaces. Any 


lation would certainly call 


iuture instal 


ior a switeh to copper pipe with sol 


joints in preference to the 


liquid sludge 


April 17 One of the 


tank trucks became stuck in a 


Bo) 


covered field while unloadine digested 


lore Two garbage department 


sent to the both 
into some unforeseen 


trueks wert rescue: 


of these also got 
soft spots, and 


failed to return to the 


inal rescue was made by a 
hired wrecker unit from a local garage 
There’s ve ry little profit for the sew 


age treatment plant in this type of 
ope ration 


April 19 


pre tty 


The rat population is get- 
frisky, if the 
ports of our night operators are to be 


ly Some 


ting 


recent re- 


taken serious consideration 
has been given to the development of a 
cat population to combat the rat men- 
ace It is doubtful whether an 
nary handle some of the 
have lurking 
truck. We 
the freshly 
squill as furnished us 
Agricultural Agent 


This mixture must be stored under re 


ordi 

eat eould 

that 
grit 


been 


monsters 
around tl removal 
resort to our old standby 
prepared red 
} 


by our County 


frigeration, as it contains fish and beef 


as the attractive 
Rodent We 
h 


lim taking a goodly 


ingredients for Mr 


ean always depend on 
portion for his 
first and 


April 25 


sulted in 


final banquet. 


Prolonged rains have re 


another high river stage 


Raw sewage entering the plant is 
mostly river water pro 
about 15 per cent of 


normal as a result of almost complete 


Sewage gas 


duetion is only 


sewage solids to the 


stream 
the sluice gate 


closing 


By completely 
at the head of the plant, all the flow 
interceptor 
This 


ispeet the raw sewage 


can be di 
river affords an 
opportunity to 
en it is completely pumped 
down Any grit accumulations are 


W il] be 


shoveled to spots where they 


: 
vid is 

ay (ere 
mite 

Is 
= 
the headers and 
126 tubes i fh 
« 
| 

if 
‘ 
2 
Sal — 


FIGURE 2.—Plant-designed tank and accessories for cleaning 60 air diffuser tubes 
at one time. 


picked up by the pump suctions when 
the flow is turned back into the plant 


May 13-——We used the plant boat and 
a borrowed outboard motor to dis- 
tribute 15 lb. of copper sulfate in the 
quarry lake. This dosage is calen- 


lated to kill the algal growths and not 
harm the fish life. The treatment is 
effective for only a few weeks. It 
must then be repeated to kill the new 
growth that usually reappears. Our 
goat, the latest addition 
to our plant menagerie, takes a sun 
bath this afternoon with the three 


6-weeks old 
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and the four ducks, 
This doesn’t help the writer’s rather 
serious case of spring fever. 

May 24—The clear. 
Thousands of fingerling are easily seen 
from the shoreline as they literally 
swarm to the surface to fight for the 
bread scraps that are saved from the 
and fed daily to the fish. 
Some of the schools of young catfish 


swans muscovy 


quarry lake is 


garbage 
resemble a hive of bees as they move 
about in the water. If they all grow 
up to be big ones, there should be tons 
of good fishing for the local anglers. 
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Greenwich, Conn 


all 


Op 


erates three sn and one fair-sized 
primat treatment plants 
the plants have heated sludge 
adivesters the other two divest sludae 


modified sep 


together 


The four plants 
average of 22.000 eu. ft. of 


imple, a total of 

1,450 cu. ft. of air dried sludge was 

produced ; at 30 Ib per eu ft this is 
i total of 330 tons 

At each plant, digested sludge is 


sand drying beds, air dried 
by hand 


rators estimate the thick 


removed 
plants the ope 
ness OF the 
beds 


sludge 


dried 


As the 


“us it 


eomes 


area of each bec 


wn, It iS an easy matter to com 
he volume of sludge ren d 
d siudge is ground in shred 
1 stored on concrete platforms 


imated that approximately 90 


» dried slud 
ed bv the 


it, tne 


re is eolle eteq 


le 
i 


Greenwich park « 
remainder 


usecl 


being 


individuals, who usually 
in their cars 


r department has 


i@iS AWAY 
never pub 


f its sludge. but a large 


f sludge can be disposed of 
ils id local nurservmen 
to all town residents, 

must art it away. 


Park Department Use 


truck loads of ground 

| mulated, the parl 

nt tif and the sludge 

‘ormerly, the sludge 

nf t} trucks b hand. 

1949 park department pur 

1 | t loader attachment for 

Preset: et Conferer f 
Hart 
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SLUDGE UTILIZATION AT GREENWICH, CONN.* 


a small tractor at a cost of about 
The loaded 


oaded 
cally 


$400, 


trucks are now mechani- 


at a considerable saving in time 
the peak 


production 


labor. 


period of 


and Unfortunately 


sludge corre- 
sponds to the park department’s busi- 
advance noti- 


be 


aftar 
alter 


est season, but by giving 
fication the 
picked up 

grinding is finished. 


sludge usually 


days 


can 
within a few 
The park department stock piles the 
sludge at various points and covers the 
piles with commercial superphosphate 
fertilizer. The not 
fixed, as the is merely covered 
with thought to be enough 
superphosphate and left to age 


amount used is 


what is 


The sludge is used in a variety of 


wavs The major uses are: 1) com- 


post, 2 over-all cover for grassed 
ireas, and (3) mixed with soil for use 
with plants, trees, and shrubs 

In using the sludge in compost, the 
sludge from the storage piles is mixed 


with leaves, grass cuttings, and garden 
The 


times anc 


whole pile is turned over 
then allowed 


to rot. 


used for seedlings, 


re fuse 


post is then 
lowers, and as 


a top dressing around 
and flowers 
After 


the 


being from 


piles is spread over the 


reground, sludge 
storage 
grassed areas maintained by the park 
department in the late fall and winter. 
The 


hand, 


sludge was formerly spread by 


but now a sand spreader attach- 


ment on the rear of one of the trucks is 
used. This sand spreader is similar 


to that used by highway departments 
sand ov This 
method is reported to be much better 


than hand spreading, 


to spread er icy roads. 


as it 


deposits the 


sludge in a thin, ev 


en layer and is 

] 


ixed with earth and used for 


ba 
it} 
} 
ig 
i 
| 
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tanks 
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tree planting and as a sub-base for 
newly seeded areas. It has been found 
that the sludge is apparently too strong 
for grass seedlings; therefore, it is 
not mixed with top soil for areas to 


be seeded. 


Advantages of Arrangement 


The arrangement described has a 
number of advantages for both de- 
partments. The sewer department has 
an easy and reliable method of getting 
rid of the sludge and the park depart- 
ment obtains a valuable fertilizer. The 
park department shop reconditions the 
sewer department’s hand and power 
mowers in partial repayment for the 
sludge. In addition, the park depart- 
ment is able to keep its men employed 
during slack seasons by regrinding, 
mixing, and spreading the sludge. 
Also, the park department saves the 
cost of a corresponding amount of 
chemical fertilizer. The parks use 
about 300 tons of sludge, which might 
have the fertilizing value of 100 tons 
of fertilizer costing $70 per ton; con- 
sequently, the park department saves 
about $7,000 per vear on fertilizer 
costs, 

The park department does not break 
down its costs so as to show the cost of 
mixing and spreading the sludge, but 
the machines now used have cut the 
labor costs considerably. The latest 
sludge analysis, made by the Connecti- 
eut Agricultural Experiment Station, 
shows average values of 2.46 per cent 
total nitrogen and 1.50 per cent phos- 


TIPS AND QUIPS 


Safety Tips 


Small but obvious things often cause 
accidents This, coupled with the 
statement that the accidents found in 
sewage treatment plants are generally 
of types found in almost any industry, 
formed the theme of a paper on ‘‘ Acci- 
dent Control in Sewage Treatment,’’ 
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phoric acid. These figures indicate 
that by itself the sludge is low-grade 
fertilizer, but there are a number of 
benefits that a chemical analysis does 
not show. 

The local park department is glad 
to take all the sludge that the sewer de- 
partment produces. It has been found 
useful in preventing the ground from 
becoming hard and baked during pe- 
riods of drought, when park areas re- 
main green while adjacent areas dry 
out and burn In addition, the color 
and texture of the grass has improved 
and the disease resistance of all plants 
has been improved. When the sludge 
has been well digested, no odor com- 
plaints have been received from nearby 
residents. As mentioned before, dif- 
ficulty has been experienced with 
newly seeded areas if sludge is mixed 
with the top soil. However, with the 
addition of superphosphate, the shidge 
makes a very good fertilizer and the 
park department has received many 
requests for information on fertilizers 
from property owners who wish to 
duplicate the park department lawns. 

The Greenwich park department 
maintains four large parks, a number 
of playgrounds and ball fields, and 
about 75 small areas and town-owned 
properties. In all, about 50 acres of 
grassed areas are cared for. 

Those who have seen Greenwich 
parks will agree that they are well 
kept and are a credit to the town. The 
use of sewage sludge has undoubtedly 
contributed to their fine appearance. 


presented at the 1950 Annual Meeting 
of the Michigan Sewage and Industrial 
Wastes Association, held May 22-24, 
at Traverse City. The author, Wendell 
R. Williams, knows whereof he speaks, 
as he is supervisor of the Michigan 
Engineering Department, Employer’s 
Group Insurance Companies. 
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Some of the points made by Mr. Wi 
liams were as follows 


1, Use only equipment that is safe 
Ny 


pers 


ver use a ladder on a flat slip 


surface without ladder shoes or 
tying the base of the ladder to prevent 
slipping 

3. Never paint a wooden ladder, as 
paint has a tendeney to hide small de 
fects Protection for ladders can be 
afforded by giving them a coat of li 
seed oil 


4. Never use 


‘*mushroomed’’ tools. 


o. Use hand rails on all stairs 

6. See that all floor openings are 
properly protected at all times. 

7. See that the proper tools are 


used on each job 
8. Never start a job without giving 


some thought to the safest way that 
this particular job can be done. 
9. Learn to recognize hazards and 


proper corrective measures. 

10. Always lift with the leg muscles 
and never with the back muscles 

11. Use belts in 
atmospheres and provide sufficient aid, 


workers liable to 


safety dangerous 


outside, to remove 
be overcome 

12. In plants where there is only 
one operator, have that operator call 
the police department hourly. 


Of all the points made, however, Mr 
Williams heavily the 
necessity for always being safety con- 


most 


stre ssed 


SCIOUS 


Panacea for Sewage Problems? 


Qne ‘‘miracle’’ germieide followed 
another at a recent special meeting of 
the Passaic Valley (N. J.) Sewerage 
Commission. As reported in the New 
ark, N. J News of July 
the commissioners had already been 


themselves for al 


most a month on. the question of 


authorize pilot plant tests 


called miracle germicide 


on a su) 
Perma Cide 

At the special meeting, authorization 
of the expenditure appeared ready for 
when another miracle chemi 
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Claims for 
called NOR, were that 
it would not only kill bacteria, but also 
would eliminate 


quitoes and other insects, 


cal made its appearance 
the new entry, 


odors and banish mos- 
Further- 
more, it is supposed to possess none of 
rivals. 
The developer of this chemical reported 
that two drops in a cesspool literally 


the potsonous qualities of its 


chased out the flies and mosqnitoes 
and quickly eliminated the odor 

On the basis of a laboratory test re- 
port that Perma Cide xilled 


more than 9S per cent of the bacteria 


snowed 


in sludge taken from the Commission’s 
to 6-week series of tests 
at $6,000 cost 
termine the action of Perma Cide in 


system, a 4- 
was authorized to de- 
Chemical 
treatment is part of the Commission’s 
quest to Interstate 
requirements 


one of the system's tanks. 
meet Sanitation 
Commission regarding 
treatment of sewage more economically 
than by mechanical treatment. 

On the basis of past observations in 
such matters, we’re tempted to edi- 
torialize, at least to the 
eynical yeah?’’ 


extent of a 


Big Business 
New York City’s sewage works sta- 
tistics are such as to stagger the imagi- 
nation. Some indication of the magni- 


tude of the operation involved is 


contained in the recently published 
‘1949 Annual Report’’ of the New 
York City Department of Public 
Works 

The city’s 4,050 miles of sewers 


handled more than 365,000,000,000 eal. 
of liquid wastes, of which 164,980,- 
000,000 eal treatment in 13 
plants handling from 0.7 to 228 m.g.d. 
An additional 400 m.g.d 
treatment in 6 plants now under con- 
struction or scheduled for completion 
by December, 1958, with 571 m.g.d. to 
receive 


received 


W il] receive 


treatment in 6 plants 
scheduled for completion by the end 


of 1959. Of the 


more 


sewage receiving 
in 1949, 118.625.000.000 gal. 
was handled in activated sludge plants, 


treatment 


20,805,000,000 gal. in chemical preeipi- 
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tation plants, 16,060,000,000 gal. in 
plain sedimentation plants, and 9,490,- 
000,000 gal. in fine screening plants. 

A total of 63,953,475 eu. ft. of solids 
was captured during the year. Of this 
quantity, sludge amounted to 63,218,000 
eu. ft.; grit, 423,400 eu. ft.; screenings, 
287,400 cu. ft.; and seum, 34,675 cu. 
ft. Dry solids totaled 106,945 tons. 

Heat and power requirements used 
430,517,500 cu. ft. of sludge gas, with 
19,162,500 kw.-hr. of power produced, 

During the year, 46,773,000 cu. ft. 
of sludge (57,784 dry tons) were 
dumped at sea; 3,325,000 cu. ft. 
(7,850 dry tons) were dried on sand 
beds. Scum sold during the year 
amounted to 1,353,238 wet Ib. 

The total 1949 operating and main- 
tenance cost of $2,924,546 ($17.71 per 
m.g.) was divided as follows: salaries 
and wages $1,530,693; gas and power 
$610,503; repairs $350,711; chemicals 
$80,503; and supplies and materials 
$352,136. 


Paying for the Big Business 

As with all municipal services, the 
operation and maintenance of New 
York City’s existing sewerage and 
sewage treatment facilities, not to 
mention the $100,000,000 construction 
and expansion program now under- 
way, requires money—in this case, lots 
of money. However, the City Council 
has found what it believes to be a rela- 
tively painless method of providing 
an anticipated revenue of $15,000,000 
annually. 

To implement the revenue program 
the City Council recently approved 
a local law providing for a new sewer 
rental charge amounting to about one- 
third of the existing water fee. In- 
come from this source, according to the 
majority report of the Council’s Fi- 
nance Committee, is to be used ‘‘first 


for the management, maintenance, op- 
eration, and repair of the sewer sys- 
tem,’’ with any surplus used for ‘*‘ pay- 
ment of interest and amortization on 
present or future intercepting sewers 
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and sewage treatment or disposal 
works.”’ 

Part of the new charges are in- 
tended to be levied against ‘*‘commer- 
cial and industrial users of water not 
now paying real estate taxes, so they 
would share the cost of sewage disposal 
of which they now avail themselves.”’ 

Another example of applying the 
principle of ‘‘users pay !"’ 


Not Even Safe at Home 

Even boilermakers, after a few days 
at home, have been- known to remark 
that it was good to return to the rest 
and quiet of the job. A somewhat 
analogous situation was described in 
the June, 1950, issue of the Michigan 
Sewage Works Bulletin, as follows: 


‘George Wyllie, that genial fellow 
who has been hopping from here to 
there over, under, and around the 
debris, litter, and partly completed 
structures, piping, and equipment at 
the Lansing, Mich., plant came through 
without a seratch, but didn’t fare so 
well at his home work. His agility at 
the plant is somewhat impaired by a 
leg cast; he fell from a ladder while 
putting up screens at home.’”’ 


Did we hear a quiet ‘‘We told you 
so’’ from the National Safety Council, 
which has been warning for years that 
more accidents happen in the home 
than anywhere else? 


Really Fancy Divers 

The ‘‘No Faney Diving, Please’’ 
item (THis JournaL, Nov., 1949, p. 
1090) on the Illinois S.O.W.H.E.S:S. 
has brought to light an organization of 
kindred spirits in South Afriea. J. A. 
MeLachlan, editor of Public Health, 
the official organ of the South Afri- 
can Branch, Institute of Sewage Puri- 
fication, apparently has mistaken the 
welcoming of a new member to the 
Society of Operators Who Have Ex- 
perienced Saturation in Sewage as an 
introduction of a new sewage works 
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fraternity. Commenting on the previ- 
ous item, Mr. McLachlan, in the June, 


1950, issue of Publ Health, says 


“We make reference to this movement in 
America, in order to draw attention to the 
existence of an exclusive group of sewage 
workers in Johannesburg, perhaps of even 
more ancient lineage than that of our 
\merican colleagues The society has up 
till now been a seeret one for reasons al 
ready indicated; in fact, so secret that 
there are many illustrious names on the 
eeret list, who are unaware of their 


member ship 


Perhaps because of the older foundation 
in time of the local society, degrees as 
well as the honour of membership are 
conferred on those complying with the 
qualifying conditions. Stripped of legal 


verbiage, these conditions require that 
candidate hall have suffered total immer 
ion in sewage or a sewage product, and 
the seniority of the degree (with right to 
ise the initials after one’s name as with 
other reputable degrees) is graduated di 
rectly as the degree of submergence but 
ely as the distance from the sewage 
fall Thus, total submergence in a 
well-oxidised sand-filtered effluent and just 
hort of drowning, would only earn a small 
letier to a minus power, while knee-height 
submergence in dumped raw sludge might 
earn a eapital letter degree to a positive 
inite power 

The local honorary seeretary would be 
ad to hear from persons who consider 


themselves entitled to any degree of mem 


We wonder if scholarships are avail- 
able for advanced study in the sub 


It's Your Plant 

There is a growing tendency on the 
part of designers of treatment plants 
to consult with the present or future 
operators as to details of the plans 
This is a good trend. Nevertheless, 
the operator In many cases, tries to 
second-guess the designer on capacities, 
flow rates, ete., rather than econcentrat- 
ing his attention on details that will 
make his operation of the new plant 
or extension easier and more pleasant 

With this in mind, L. R. Jennings, 
superintendent at Owosso, Mich., has 
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the following advice to offer in the 
March, 1950, issue of Michigan Sewage 
Works Bulletin: 


“The operator should study the 
plans from the practical operating side. 
You may have wished that a door or 
a stairway that has caused miles of 
extra steps had been in a different 
place. A stairway might have been 
built where that iron ladder is. Be 
sure exits, walks, ete., are in the best 
locations for ease in getting where you 
want to go. Such things get mighty 
important after a hard day of work. 
I have found that the engineers are 
more than glad to cooperate, for after 


all. we are the ones who are going to 
make these plants work.”’ 


Applied Science 

Speaking on a recent radio broad- 
cast of the General Electric Science 
Forum, astronomer Ernest G. Reuning, 
of the U. S. Naval Observatory, Wash- 
ington, D. C., gave a fanciful word 
picture of the things to come with 
rocket travel beyond the earth’s gravi- 
tational pull. Among the many effects 
noticeable in outer space would be the 
complete absence of weight and direc- 
tion—with no gravitational pull there 
‘down.’’ Also, 
liquids would float in space as spheres, 


ean be no ‘Sup’ or 


held together only by their surface 
tensions! 

What a possibility this opens for 
sewage and industrial wastes disposal! 
No costly sewers or treatment plants 
would be required, yet stream pollu- 
tion would become only a_ historical 
reference Each home or factory 
would need only a stack for launching 
small rocket-propelled waste contain- 
ers to a point outside the earth’s gravi- 
tational field. Once there, the con- 
tainer would be exploded and the 
wastes would simply float in space, no 
longer of concern to anyone for untold 
time to come. 


Interplanetary space ships? They 
would have to be equipped with wind- 
shield wipers, of course ! 
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Proceedings of Member Associations 


NEW ENGLAND SEWAGE WORKS ASSOCIATION 
Spring Meeting 


Worcester, Massachusetts, June 1, 1950 


The 1950 Spring Meeting of the New 
England Works Association, 
held at the Sheraton Hotel, Worcester, 
Mass., on June 1, 1950, was attended 
by 137 members and guests. 

The morning session, presided over 
by President Ralph W. Horne, was de- 
voted to the following technical pro 


Sewage 


vram: 

‘Funetion of Trickling Filters,’’ by 
Clair N. Sawyer, professor of sanitary 
chemistry, Massachusetts Institute of 
Technology. 

‘Design and Construction of Trick- 
ling Filters,’’ by Ariel A. Thomas, as- 
sistant engineer, New England Drain- 
age Basin, Publie Health Service. 

Acid Tron Wastes,’’ by Worthen 
H. Taylor. assistant sanitary engineer, 
Massachusetts Department of Public 
Health 

A round-table discussion on ‘*‘ Opera- 
tion of Trickling Filters,’’ led by 
Stuart E. Coburn, consulting chemist, 
Metcalf & Eddy, Boston, Mass. 


Following luncheon, Thomas C. 
Sweeney, vice-mayor of Worcester, ex- 
tended the greetings of the city to the 
members and guests present. 


CENTRAL STATES SEWAGE WORKS ASSOCIATION 


23rd Annual Convention 


Indianapolis, Indiana, June 9-10, 1950 


The 23rd Annual Convention of the 
Central States Sewage Works Associa- 


Hotel, 


tion was held at the Lincoln 
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The afternoon was devoted to con- 
sideration of the Worcester sewerage 
Paul C. 
Hedenstad, superintendent of sewers, 
spoke on ‘‘ History of Worcester Sewer- 
age System and Treatment Works.’’ 
Earl R. Perry, superintendent of pub- 
lic works, had as a subject ‘‘ Protection 
of New Plant by Rules and Regula- 
John Hayden, of Hayden, 
and Buehanan, consulting 
engineers, spoke on ‘‘ Basic 
Data for New Worcester Treatment 
Plant’’; following his talk he presented 
an excellent moving picture showing 
all stages of construction of the new 
works. The latter part of the after- 
noon was spent in an inspection of the 
new trickling filters and 
tanks. Mr. Hayden presided at the 
microphone on a sound truck and ex- 
plained the salient features of the new 
works. The inspection was curtailed 
by heavy rainfall, which marred an 
otherwise interesting and worth-while 
day. 


system and disposal works. 


tions.”’ 
Harding, 
Design 


secondary 


Water E. Merri, 
Secretary-Treasurer 


Indianapolis, Ind., June 9-10, 1950. 

The more than 175 persons who reg- 
istered for the meeting were welcomed 
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to the city by James H. Carnine, of the 
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Mathews, Gary, Ind.; Paul L. Brunner, 


Board of Sanitary Commissioners Fort Wayne, Ind.; G. F. Bernauer, 
Indianapolis Madison, Wis.; James <A. Drake, 

This was followed by a discussior Minneapolis, Minn.; and A. Paul 
‘‘Does Your Plant Meet Present Day Troemper, Springfield, Ill. The gen- 
Design Standards?’’, led by a pane eral discussion topic was ‘*Control of ¢ 
consisting of G. K. Erganian, Indian Materials Discharged to Sewers,’’ with 


apolis, Ind.; A. J. Van Breda, Spring particular attention being given to wa- 
field, Ill.; G. F. Bernauer, Madison, ter softening sludge, synthetic deter- 
Wis.; and J. A. Drake, Minneapolis, gents, grit, and toxic materials . 
Minn The afternoon session comprised 
The afternoon session on June 9 in- papers as follows 
cluded the following papers ‘Persistence of Mono-Chlorophenols 
‘Can a Municipality Dispose of in Polluted River Water and Sewage 
Garbage with Home Grinders?’’, by  Dilutions,’’ by C. C. Ruchhoft and 
L. I. Couch and H. J. Kulin, econsult- M. B. Ettinger, U.S.P.H.S. Environ- 
ing engineers, Indianapolis mental Health Center, Cincinnati, Ohio. 
‘*Studies of Nitrification in the B.O.D ‘*New Criteria in the Design of High- 
Test,’’ by A. M. Buswell, chief, [Hlinois Rate Trickling Filters,’’ by K. V. Hill, 
State Water Survey, Urbana. Il consulting engineer, Chicago, Ill. 
**Phosphorus Removal from Sewage “The Wisconsin Stream Pollution 
Plant Effluents.’’ by W. L. Lea and Law and How It Will Be Used to Con 
Gerald A. Rohlich, Madison, Wis trol Industrial Waste Discharges,’’ by 
‘Railroad Car Washing Problems,’’ TT. F. Wisniewski, director, Wisconsin 
by G. Gutzeit, East Chicago, Ind Committee on Water Pollution. Madi- 
son, Wis 
An enjovable social hour, sponsored 
by members of the Water and Sewage Officers elected for 1950-51 were: 
Works Manufacturers Association, pre 
ceded the Annual Banquet. At. the Pre side nt: H. T. Rudgal, Kenosha, Wis 
banquet an address ‘*What About So- Ist Vice Preside nt: M. L. Robins, St. 
elalism ? was given by Marshall D Paul, Minn 
Abrams, managing director. The Con 2nd Vice-President: W. W. Mathews, 
struction League of Indianapolis Gary Ind 
The entire morning session on June rd Vice-President: E. Hurwitz, Chi- 
10 was devoted to an ‘Operators’ 
: Secretary-Treasurer: A. Paul Troem- 
Breakfast,’’ in which open discussion 
from the floor was stimulated and per, Springfield, Til. 
guided by a panel consisting of M. I A. Paut TrRoEMPER, 
Robins, Minneapolis, Minn.; W. W NSecretary-Treasurer 
OHIO SEWAGE AND INDUSTRIAL WASTES TREATMENT 
CONFERENCE 
24th Annual Meeting 
Cincinnati, Ohio, June 28-30, 1950 
With the largest registration to date Cincinnati, Ohic, June 28—30, 1950. : 
numbering 239, the Ohio Sewage and The total registration was about evenly 
Industrial Wastes Treatment Confer- divided among those representing 


ence held its 24th Annual Meeting in municipal sewage treatment, industrial 
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waste treatment, and manufacturers of 
treatment equipment. Chairman Rob- 
ert W. Bowman presided at the con- 
ference, assisted by Lloyd C. Huffman 
at the QOperator’s Forum and Vice 
Chairman H. S. Kline and Walter 
Gerdel at the dual sessions on indus- 
trial wastes and sewage treatment. 

The morning session on June 28, at 
a manufacturer's forum stressing in- 
strumentation, heard W. W. Greer of 
Leeds-Northrup Corporation discuss 
the application of pH measurement 
and control to the treatment of indus- 
trial wastes, and H. C. Hite, Brown 
Instrument Division, Minneapolis 
Honeywell Corporation, discuss flow 
measurement devices. 

The afternoon session opened with 
an address of weleome by Albert D. 
Cash, Mayor of Cincinnati. ‘‘A More 
Productive Federation’’ was then dis- 
cussed by W. H. Wisely, executive 
secretary of the Federation of Sewage 
Works Associations. After a short 
business session, the rest of the session 
was devoted to Cincinnati’s sewage 
disposal program. F. C. Tolles pre- 
sented the Cincinnati program, out- 
lining the details of city sewerage im- 
provements and the new Little Miami 
plant. A. B. Backherms outlined the 
program by which these improvements 
are financed through sewer service 
charges. H. A. Seaman rounded out 
the review by presenting the program 
now in progress in Kentucky. 

The Thursday morning session be- 
gan with an Operator’s Forum, pre- 
sided over by L. C. Huffman, Dayton, 
Ohio. Subjects brought up for diseus- 
sion were: clogging of trickling filters 
media, uses of aluminum base paints 
at sewage plants, handling of mineral 
oils and greases at plants, and sewer 
use ordinances. In regard to the lat- 
ter, it was agreed that the Federation's 
Manual No. 3 was a valuable guide. 

Following the QOperator’s Forum, 
L. A. Danse, industrial representative 
on the Federal Water Pollution Con- 
trol Advisory Board, presented a 
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resume of the activities of the Board. 
Other papers included the following : 


‘Water Quality Objectives,”’ by M. 
LeBosquet, Jr., U.S.P.HLS. 

‘*Water Pollution Mobile Laboratory 
Operation,’’ by Bruce M. MeDill, Di- 
vision of Sanitary Engineering, State 
Department of Health, Columbus, 
Ohio. 


In the afternoon session, the ap- 
proach to industrial wastes problems 
in Cincinnati was presented. The 
problem from the city’s viewpoint was 
covered in a paper prepared by the 
late H. H. Kranz, city engineer. The 
approaches made by two industries in 
the area were presented by representa- 
tives of Proctor and Gamble and Em- 
ery Industries, Ine. For the remainder 
of the afternoon, two sessions were in 
progress, devoted to industrial wastes 
and sewage treatment. 

The following papers were presented 
in the industrial wastes section: 


“Treatment of Plating Wastes at 
Lockland Plant of Electro Auto-Lite 
Company,’’ by Allen Reed, chemist, 
Electric Auto-Lite Co., Lockland. 

“*Experience in General Motors 
Plants with Chlorination of Cyanide 
Wastes,’’ by David Milne, E. G. Roy, 
P. W. Uhl, and C. F. Hauri. 

*‘Application of OCO Water System 
to Paper Mill White Water Recovery,”’ 
by G. C,. Ehemann, plant engineer, 
Ohio Boxboard Co., Rittman. 

“Evaluation of Waste Disposal 
Problems of the White Paper Indus- 
tries,”’ by H. C. Koch, plant chemist, 
Aetna Division, Howard Paper Mills, 
Inc., Dayton, Ohio, and R. H. Savage, 
research director, Mead Corporation, 
Chillicothe, Ohio. 


In the sewage treatment section the 
following papers were presented: 


‘**Program of Improvement of Sew- 
age Treatment Facilities at State Wel- 
fare Institutions,’’ by E. F. Wittmer, 
sanitary engineer, Ohio Department of 
Public Welfare, Columbus, 
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‘Air Diffusion with Saran-Wrapped 
Tubes at the Plant.’ by 
James H. Blodgett, superintendent 
sewage treatment plant, Columbus 


Columbus 


‘Sludge Digestion Trends,” by T. C 


Schaezle, senior associate enginee! 
ent plant, Akron 

“* Re port of the Short School for 
Water Treatment Plant 
Operators by W. D. Sheets, assistant 


Obie Department of Health 


sewage treatn 


and Sewage 


engineet! 


As usual, one of the 


the conference was the 


highlights of 
Annual Bat 


quet, held Thursday evening The 
banquet was preceded by a_ cocktail 


hour sponsored by the Water and Sew 
age Works Manufacturers Association 
William <A. Heseler, 
analyst and newspaper feature writer 
‘cold 


foreign news 


spoke on. the war’’ and the 


Korean situation 
On Friday 


Tine *? 


morning George’ E 


Svmons, managing editor 


Water and Sewage Works, presented 
a review of ‘*Toxie Wastes in Sew 
ages’’: KE. J. Clearv. executive seer 


tary al d chief 
Valley 


deseribed the 


engineer, 
Sanitation Commission 
current activities of the 


Commission toward the 
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Ohio River 


elimination of 
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pollution in the Ohio River basin; 
John S. Delos, chemist, Easterly sew 
age treatment plant, Cleveland, de- 
scribed the work done in 1949 by the 
Division of Sewage Treatment on the 
determination of the effect of pollution 
on the Cleveland beaches; and John 
W. Wilson, U.S. Public Health Serv 
ice, spoke on ‘The Sanitary Biologist’s 
Waste 
The afternoon was left open for field 


Contribution to Purification 


Arrangements had been made to 
Mill 


Dam where, in times of 


trips 
Visit the pumping station of the 
Creek Barrier 
flood in the Ohio River, flood gates are 
raised and all the this 
area is pumped to the river. 
visit was made to the plating 


water from 
tributary 
Another 
wastes treatment plant at the Electric 
Auto-Lite 

Officers 


Company's Loekland plant. 
elected for 1950 51 were: 


Chau 


Ist Viec-Chairman: 


S. Kline, Dayton. 
Walter E. Gerdel, 
Ch Ve land 

nd Vice-Chairman: Donald G. Stevens, 
Cleveland 

John E. 


Necretary-Treasurer: Rich 


ards, Columbus 


RICHARDS, 


Necretary-Treasurer 


Joun E 


PENNSYLVANIA SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATION 


24th Annual Meeting 


State College, Pennsylvania, August 23-25, 1950 


\nnual 


Pennsvivania Sewage and Industrial 
Wastes Conference was held at State 
College on August 28-25, 1950, in eo 

with thre Pennsylvanii Wate 


session on August 24 
heard a paper on ‘‘ Poll Abate 
Ohio River Ba 
Cleary, executive 
Ohio River 


Commission 


ition 


director and chief engineer 


Sanitation 


Meeting ot tne 


Cincinnati, Ohio Discussions 
presented by H. E 
chief engineer, Pennsylvania Depart 
Health, Harrisburg, and J. F 
Laboon, chairman and chief engineer, 
Allegheny County Sanitary Authority, 
Pittsbure) 


were 
Moses, consulting 


ment of 


Coneurrent sessions during the after 
Industrial Wastes 
Works Forum 
r was devoted to a panel dis 

‘*Water Pollution Abate- 


noon featured an 


Forum and a Sewage 
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ment Standards—Their Formulation 
and Administration,’’ under the lead- 
ership of Roy F. Weston, sanitary en- 
gineer, Atlantic Refining Co., Philadel- 
phia 

The Sewage Works Forum ineluded 
the following papers : 


** Measuring Sludge Drying Bed Per- 
formance,’’ by T. R. Haseltine, part- 
ner, The Chester Engineers, Pitts- 
burgh 

‘Operation of Radnor-Haverford 
Sewage Treatment Plant,’’ by Paul 
Longley, superintendent, Radnor-Hav- 
erford sewage treatment plant, Upper 
Darby 

** Flow Measurements — Metering 
Methods and Devices,”’ by Robert E 
Stiemke, professor of sanitary engi 
neering, Pennsylvania State College. 

‘The Relation and Interpretation of 
Laboratory Tests to Sewage Plant Op- 
eration,’’ by R. R. Kountz, associate 
professor of sanitary engineering, 
Pennsylvania State College. 


At the Annual Dinner, FSWA Pres 


MEMBER ASSOCIATION MEETINGS l 


ident Arthur H. Niles spoke on ** Fed- 
eration Affairs.” 

At the morning session on August 
25, papers were presented as follows: 


‘*Problems of Organizing and F%i- 
nancing Sewerage Projects,’ by W. 
H. Corddry, consulting engineer, Har- 
risburg. 

‘Toxic Wastes in Municipal Sew- 
age,’’ by George E. Symons, managing 
editor, Water and Sewage Works, New 
York City. 

**Air Diffusion—A Versatile Tool 
for Sewage and Industrial Waste 
Treatment,’’ by Frank C. Roe, Carbo- 
rundum Co., Perth Amboy, N. J. 


Officers elected for 1950-51 were: 


President: H. T. Reuning, Ridgway 
Ist Vice-President: R. Bolenius, 
Willow Grove 
Qnd Vice-President: R. F. Weston, 
Philadelphia 
Secretary-Treasurer: Bernard S. Bush 
Wilkes-Barre 
Bernarp Busn, 
Secretary-Treasurer 


MEMBER ASSOCIATION MEETINGS 


{xsociation 
Kentucky-Tennessee Tndustrial 
Wastes and Sewage Works 

Association 


North Carolina Sewage Works 
Association 


Florida Sewage Works 


Association 


Oklahoma Water, Sewage 
and Industrial Wastes 
ontlerence 


Arizona Sewage and Water 


Works Associations 


Pla ‘ Time 
Memphis, Tenn Oct. 23-24, 1950 
Washington-Duke Nov. 13-15, 1950 

Hotel, 


Durham, N. C. 


Governor’s Club 
Hotel 

Ft. Lauderdale, 
Fla. 


Oklahoma 
A. & M. College 
Stillwater, Okla 


Pioneer Hotel 
Tueson, Ariz. 


Nov. 13-15, 1950 


Nov. 27 


Dee 1950 


Nov. 30 
Dee. 2, 1950 
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Microscopic Green Organisms as Agents 
Purification. By A. R 
W. Anpsorr, Water and 
Eng., 1, 3 1950 


of Sewage 
STON}! AND 
n shallow troughs (4-in 


growth 


op greenish 
ettle, and a brown or grev- 
settles readily The 
lark sludge approximate in 
he ispended solids in the 
but the growth of green 
ces the suspended matter 
qu | Settled sewage was 
ivy tanks until it turned 
of this green liquid was 
mary tank effluent to 
vation areas and the 
eed for more primary 
f excessive development 
irrigation areas and in the 


The growth 


‘re not realized 


organisms produces organic 


has some powel of absorbing 


gen in the dark, resulting in 


B.O.D. Fish culture may 
deliberate cultivation of 

n sewage culti- 
vage and discharge into a 
rove advantageous under 
maditions. The assimila- 


1 nitrogen in the cells of 


ht prove advantageous 


itilization of sewage con- 
ild be found to settle 

ese growt 
tary chemical analysis 


etween the putrese ible 


ind newly synthesized 


it in spite of this there ts 
nthe B.O.D.. due tothe 
en organisms. In a good 
t} ght lead to an in 
The aut s have de 
tern vdquarters 
ting in Tt 
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g., Champaign, | 


veloped a method of evaluating the photo- 
synthetic factor by determining dissolved 
oxygen content of samples incubated in 
the dark and with exposure to light. 


H. HruKeLEKIAN 


The Problem of Safety and Industrial 
Hygiene in Water and Sewage Works. 


By Eveentusz G6recki. Gaz, Wodat 
Tech. Sanit. (Polish), 24, 103 (Mar., 
1950) and 24, 149 (Apr., 1950). 


This is a classification of hazards at wa- 
the 


ter and sewage works according to 
scheme in use by the International Labor 


review of existing 
construction 


Bureau, Geneva. A 
regulations pertaining to 
practices and crafts as they relate to sewer- 
age and sewage treatment is given; for ex- 
different excavation 


depths and soils in sewer excavation to 


ample, shoring for 
hazards associated with 
etc. In 
sewage works the hazards listed are associ- 
ated 
sewers, 


digestion tanks; electrocution from contact 


prevent cave-ins 


electrical equipment, welding, 
explosion in 


and 


with asphyxiation or 


observation wells, settling, 


with electrical currents in damp locations; 
slipping or falling on catwalks, stairs, other 
slippery surfaces; possibilities of falling or 
drowning in tanks inadequately lighted or 
drowning In com- 
bined or storm sewers, settling 
tion tanks, ete.; and the possibility of skin 
diseases from contact with sewage and/or 
industrial A listing of 40 regula- 
tions pertaining to approved safety and 
given. A 


improperly barricaded; 


and diges- 


wastes 


industrial hygiene practices is 


very extensive discussion is presented of 


means identifving and determining 


for 
amounts of gases in sewers, manholes, ete. 


ConraAbD P, STRAUB 
all perodicals, bulletins special reports etc., 
JOURNAI Publications of public health de- 
research organizations, and education institu- 


tnaterial: Federation of Sewage Works Assns., 
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Sewage Treatment Plant for a Tubercu- 
losis Sanatorium. By Tueopar BiLyK. 
Gaz, Woda i Tech. Sanit. (Polish), 24, 
142 (Apr., 1950). 


A plant is described which will treat a 
sewage flow of 42,300 g.p.d. from 600 pa- 
tients and 400 auviliary personnel at a 
tuberculosis sanatorium. The flows con- 
tributed by the patients were estimated at 
53 g.p.d. and from the other personnel at 
about 26 g.p.d. An average hourly flow 
based on 1/16 or the total daily flow and a 
maximum flow of 1/10 the average flow 
was assumed. To allow for future expan- 
sion, the maximum hourly flow was 
estimated at 6,350 g.p.h. The plant is 
enclosed and includes sereening, sedimen- 
tation and digestion in an Imhoff tank, 
ventilated high-rate filters, final sedimenta- 
tion, sand drying of sludge, chlorination, 
and all necessary appurtenances. The high- 
rate filters have an area of 356 sq. ft. and are 
bout 13.1 ft. deep. The media consists 
f three layers, the top and bottom each 
1.64 ft. thick with 44- to 11-in. stone, and 
a middle layer 9.8 ft. thick with 1!4- to 
3-in. The filters will operate at a rate of 
21.4 m.g.a.d. at present, or 25.7 m.g.a.d. 
in the future, with a recirculation ratio of 
3.6. The secondary sedimentation tank 
serves also as an equalizing tank. Chlo- 
rine will be added to the effluent at a rate 
of 2 to 4 p.p.m., or 145 to 290 lb. per day. 
Sludge will be applied to the sludge drying 
beds to a depth of about S in. and will 
remain on the beds for 17 days. Outside 
air used for ventilation will first pass over 
the sludge drying beds, then through the 
Imhoff tank room, through the high-rate 
filter (at a rate of 1 cu. ft. per sq. ft. per 
min.), and finally through the room hous- 
ing the secondary filter. 


Conrad P. STRAUB 


Treatment of Rice Water. By H. Hev- 
KELEKIAN. Ind. Eng. Chem., 42, 4, 647 
(Apr., 1950). 

In preparing ‘Minute -Rice,” large 
volumes of wastes are produced from soak- 
ing, cooking, and washing processes. A 
total of about 61,000 gal. of water are used 
per ton ol raw rice processed, The pH of 
the composite wastes varies from 4.2 to 
7.0. The B.O.D. is about 1,000 p.p.m. 
Starch and sugar account for most of the 
B.O.D. About 530 lb. of B.O.D. and 730 
Ib. of solids are produced per ton of raw 


22, No. 10 REVIEWS AND ABSTRACTS 1379 


rice handled. The phosphorous content 
of the waste is adequate for biological treat- 
ment, but the nitrogen content needs sup- 
plementation. 

Laboratory tests showed that plain 
sedimentation results in about 30 per cent 
B.O.D. reduction. Lime treatment of 
settled liquor gave some additional B.O.D. 
removal. Anaerobic digestion of the raw 
wastes gave satisfactory results with 
B.O.D. loadings of 0.1 Ib. per cu. ft. per 
day and detention times of as low as 1.2 
days. Under these conditions, B.O.D. 
reductions of over 90 percent were ob- 
tained. Ammonia was used as a source of 
nitrogen and as a neutralizing agent. 
Aeration of the raw waste, with sufficient 
suitable seed material for 24 hr. and the 
addition of nitrogen, produced an effluent 
with 25 to 55 p.p.m. B.O.D. 


D. Haney 


Wash Water Treatment and Fine Coal 
Recovery. By E. Rickert ano 
T. Bisnor. Ind, Eng. Chem., 42, 4, 
626 (Apr., 1950). 


Run-of-mine coal is prepared for market 
by separating from the coal the particles 
having high ash content and by screening 
the clean coal into various market sizes. 
The effluent from coal preparation plants 
contains fine coal and refuse particles 
suspended in the water used for cleaning 
and washing. Of the solids contained in 
the waste water, about 7.4 per cent are 
retained on a 28-mesh sieve. The refuse 
content increases as the particle size de- 
creases. The minus 200-mesh_ particles 
are highest in ash content, as this material 
consists largely of colloidal clay. From a 
stream pollution standpoint, the discharge 
of these solids is objectionable principally 
for physical reasons. Silting rates are in- 
creased, with consequent damage to recre- 
ation and navigation and the creation of 
flood hazards. 

The settling of solids from the water and 
the disposal of the solids are two steps in 
the pollution abatement process. Silting 
basins are frequently used for both settle- 
ment and retention of the solids. How- 
ever, because of large quantities of wash 
water involved at one coal preparation 
plant, settling tanks equipped for mechani- 
cal sludge removal were installed. The 
thickened sludge from the settling tanks 
was then disposed of by various methods, 
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eessing coal recovery 
Recirculation of wash water after complete 
larification is practiced 

Froth flotation is also used to recover 
is accomplished by ren- 
dering the coal particles water repellent by 
ii treatment, following which a flotatior 


process employing pine oil as a frothing 
D. Haney 


Proceedings of the Fourth Industria) 
Waste Conference. Fnyg. Bull., 33 
No. 4 (Extension Series No. 68), Purdue 
Unis July, 1949 


Disposal of Wastes from Small Abattoirs 
By R rv ki. Pp. 178-202 


The results of treatment at a penitenti 


ary slaughterhouse waste pilot plant are 
deseribed Normally, killing occurs twice 
weekly with 6 to 20 hog units slaughtere: 
each time. All readily separable wast: 
suct is iu non hair, and fles! 
ere @Xx led it | was drained to 
Wiste Flo il ounted to LOO gal pel 


hog and 300 gal. per steer killed Wastes 
were settled before secondary treat 
tests howing hi to be sufficient 
B.O.D mcentration of wastes disc] 


to secondary units ranged from 1,550 to 


1,850 p.p 

rrickling filter tests were conducted o1 
four 3-ft. units operated at 2 m.g.a.d. anc 
losed by t ping trays and perforated dis 
t iting pa Results show reduction: 
in B.O.D luding secondary settling, to 
be approximately 17 per cent without re 
yeling at per cent with reeveling 


Sand hiters test were made on 3 units 


10-ft. dia t or LO-ft. square, dosed by 
meat t , a motor-driver 
tar t flooding Into 
nd in each was 
Sprinkler results were not co 
lered th tabulating. Two days 
losing t t rotarv distributor showe¢ 
B.O.D. reductions of 50 and 75 per cent 
t the ¢ | md day 
blood test ered two S-hr. days a 
rates from 50.000 to 200.000 
t t ve t ver tes 
vit t SO ope 
Htamed Ss ind S4 eT ent 
cattle 
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Most satisfactory results were obtained 
by chemical treatment in a 400-gal. batch- 


‘pe plant with a 3-min. rapid mix, a 20- 
min. slow flocculation, and 2 hr. or less 
sedimentation. Using either calcium hy- 


pochlorite or chlorinated lime and alum at 


| 
dosages of 0.2 lb. available chlorine per 
hog unit and 3 to 5 tb. alum per 1,000 gal., 
reductions of 95 per cent B.O.D. were ob- 
tained with little technical control The 
effluent had no taste or odor and a turbid- 
ity less than 5 p.p.m 
ranged from 7.5¢ to 12.5¢ per hog unit. 


Cost of chemicals 


Food-Processing Waste Treatment in Wis- 
consin. By T. Kk. Wisntewskr. Pp. 
203-207 
This is a resume of the organization and 

work of the committee on water pollution, 

| icularly in regard to chemical precipi- 

tation of cannery wastes reported in a 

booklet in 1939, and lagooning of wastes, 

reported in a booklet in 1945 Since 1938 

only one chemical precipitation plant has 

been constructed, canners preferring treat- 
ment in lagoons or municipal plants. 

Only in cases of poor maintenance has 


lagooning been unsuccessful 


Nitrate Treatment of Lagoons. By H. H. 

YounG, Pp. 208-210 

The important points in construction 
ind operation of cannery waste lagoons, 
1 as area, proximity to plant, capacity, 
freeboard, and seeding, are discussed. 
Stokely Foods’ experience has shown the 
following sodium nitrate dosage needed in 
the waste per 1.000 cases No. 2 cans 
packed, to eliminate objectionable odors: 
lima beans, 60 lb.; pumpkin 150 to 200 Ib 
peas, 200 Ilb.: tomato or corn, 200 to 250 
lb.: and most others. 150 Ib. Larvicidal 
spraying is needed to keep down fly and 
mosquito breeding 


Analytical Determination of Metals Affect- 
ing Sewage Treatment. By M. L. 
ano G. Pp. 211-222. 
In order to study metallic wastes in 

» Department of Health 


engineering labor itoryv made an extensive 


sewages, the Ohi 


study of existing analyses for various 


refrom selected and de- 
analyses which they now use 
Most analvses are made on acid solutions 
The methods for ashing 


nd sludge samples are de- 
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In most cases, separate tests are out- 
lined for samples of low and high concen- 
trations, although in the case of the 
non-metallic cyanide four tests are men- 
tioned, one being given in detail. Metals 
covered are iron, copper, nickel, chromium, 
zinc, and cadmium. References are made 
to all texts from which analyses were 
derived. 


Special Tests for Industrial Wastes. by 
W. D. Hareietp. Pp. 223-225. 


This principally describes methods used 
to determine excessive waste discharge 
from corn milling plants. Two equal 
samples are collected hourly, one being 
composited and the other stored as col- 
lected. At the end of the day, if an oxy- 
gen-consumed test on the composite shows 
excessive wastes were discharged, the type, 
concentration, and time are determined by 
special tests on the 24 separate samples. 
Tests are outlined for rapidly determining 
types of waste and chlorine demand. Re- 
ports to the industry enable it to check on 
plant operation and bring about coopera- 
tion that keeps the Decatur, Ill., plant 
operating efficiently. 


Accidents with Cyanide Plating Solutions. 
By Perry Minter. Pp. 226-228. 


Fourteen cases are described Ww here 
cyanide plating solutions discharged to 
streams killed fish or animals. The rea- 
sons for excessive discharge were failures 
to provide adequate supervision, mainte- 
nance, safeguards, instructions toemployees 
handling materials, and storage or dis- 
pos il facilities. 


The Toxicity of Hexavalent Chromium to 
Sunfish and Bluegills. By C. W. 
KLAssen, W. A. HasruRTHER, AND M, 
K. Younc. Pp. 229-237. 

The Illinois Sanitary Water Board and 
Electric Auto-Lite Company ran a series 
of toxicity studies covering nearly two 
years, to determine the tolerance of small 
fish to plating wastes containing hexava- 
lent chromium. Fish were carefully ac- 
climatized, and most variables were elim- 
inated so that death could be attributed to 
the chromium alone. Tests were con- 
ducted in hard-water solutions. 

Results of twelve successful tests using 
four to twelve fish in each showed, in 
general, that over 50 per cent of the fish 
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survived 30 days in concentrations of 
chromium as high as 49 p.p.m. Internal 
examinations at this limit showed no un- 
usual characteristics, but at higher con- 
centrations the fish that died showed signs 
of deterioration, orange-vellow fluid in the 
body eavity, discolored liver, and ruptured 
spleen Details of test preparation and 
summaries of each test are given 


Methods of Disposing of Cyanide Wastes. 
By R. L. Kesster anp R. W. 
Pp. 244-249 
Plant reconversion resulting in rapid 

expansion of cyanide plating and heat 
treating necessitated an emergency pro- 
gram to keep cyanide content of the 
process water under 2 p.p.m. The pro- 
cedures inaugurated and described were: 
(1) Reclaim tanks were added; (2) a col- 
lection system was devised for waste paint, 
grease, oil, solvents, ete.; (3) the use of 
cyanide cleaners and dips was discon- 
tinued; (4) alkaline and acid wastes were 
disposed of together; and (5) destruction 
of cyanide wastes in other than rinse 
waters was begun. 

In studying use of reclaim tanks it was 
found necessary to reduce drag-in to the 
plating tank by tumbling or air-blowing 
parts before plating. Concentrated 
wastes are collected in special containers 
and the batch treatment with chloride of 
lime is described. An interesting proce- 
dure is given for the removal of cyanide 
from solid wastes. Proposals are also 
given for improving drag-out control, 
detection of leaks in heat exchangers, and 
chlorination of rinse waters 


Wa. A. HasrurrHEeR 


Organization and Financing of Maryland 
Sanitary Districts--A Panel Discussion. 
Jour. Amer. Water Wks. Assn., 42, 118 
(Feb., 1950) 


Organization Procedure. By I. ALvin 
PASAREW. 


At present there are three main sanitary 
districts operating in the state of Mary- 
land, but existing legislation provides for 
five other districts. A list of these districts 
is given, with the enabling act for each 

The importance of publie health educa- 
tion as a means of promoting a sanitary 
district is stressed. Once the desire is 
present contact should be made with the 
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county commissioners, the county engi- 
neer, and the county health officer in order 
to secure action It is then necessary to 
determine the engineering feasibility of 
the project and the ability to finance it. 
Passage of the enabling act by the legisla- 
ture will depend on proper ligislation for 
the new sanitary commission and the back- 
ing of local and state governmental unite 

Empl iSsIS 1s placed on the unsolved 
problem of providing adequate sanitary 
facilities for scattered rural communities, 
as the economic aspects are more difficult 
Joint action of local areas with the state 


is a Suggested method of possible solution 


Methods of Financing. By N. L. Siru 
AND A. B. KALTENBACH 


The state enabling act « reating sanitary 
districts in Maryland provides the power 
to hnance the projects through levies or 
the persons or properties within the 
boundaries of the district. General obli- 
gation bonds, revenue bonds, and specia 
issessments may be used separately or it 
any combination desirable Sper ial men- 
tion is made of the Baltimore County 
Metropolit in District, which uses a com 
bination of all three methods. Detaile« 
data on the property classiications an 
extension agreements of this District are 
presented and should be of interest to 
those persons connected with financing 
problems of sanitary districts 


Roserr P. Low: 


Public Authorities of Pennsylvania. 1} 
J. Raymunp Horrert Jour. Amer 
Water Wks issn., 42 p. 127 (Feb., 
1950 
This paper gives an able presentation on 

the enabling legislation, organization, and 

problems of authorities in Pennsylvania 

Present legislation is derived from the 
Municipalities Act of 1945", and a 1947 


amendment that still further increased the 


scope of auth ties The authorities are 
granted and iV exercise all powers ner 
essary enient for carrying out thei 


purposes llowever thei existence 


limited to 50 years, and the maturity of 
their bonds to 40 years, with no refunding 


bonds to have i maturity date beyond the 
life of the authority It is also stated that 
the scope of activities shall be in the nature 


of noncompetitive facilities needed by a 


municipality 
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The two most important requirements 
for an authority are that it shall not pledge 
the credit of the government creating it 
ind that it shall proy ide a self-ligq iidating 
service, the charges for which shall 
imortize the original cost and meet all 
operating expenses, repairs, and depreci- 
ation, as well as furnishing, usually, some 
reserve against emergencies 

At present Pennsylvania has 96 authori- 
ties created solely or in part to construct, 
vequire, Or improve water works, and at 


been created in whole or in 


least 32 have 
part to provide sewerage. The present 
stream pollution abatement program of 
the Sanitary Water Board of Pennsylvania 
is expected to require the formation of 
many more authorities for sewage treat- 
ment. 

It is pointed out that administration 
equivalent to a private business is neces- 
sary for the proper functioning of an 
authority. This includes finance, labor re- 
lations, public relations, An unsound 
project under an authority cannot be 
financed, because bond buyers cannot be 
found except at a prohibitive cost and 
upon a speculative basis One controlling 


factor pointed out is that investment firms 
are unwilling to underwrite bonds for 
sewerage projects when the annual rental 
would exceed $35 per house connection. 

Many legal problems have arisen from 
the operation of authorities, but the courts 
have given favorable interpretation for 
them and clarified their limitations. Au- 
thorities have certain legal and financial 
problems not common to private enter- 
prise, in compensation for certain powers 
which they possess beyond those of private 
enterprise. It is also evident that au- 
thorities cannot provide services beyond 
the ability of the taxpayers to meet the 
cost. 


P. Lowe 


Research on the Disposal of Radioactive 
Wastes. By 0. R. PLiacak anp R. J. 
Morton Jour. Amer Water Wks. 
Assn., 42, p. 135 (Feb., 1950). 


This paper is an attempt to give some 
idea of the problems involved in waste 
disposal that result from the production 
ind use of radioisotopes. It also covers 
the program of investigations on such 
wastes at Oak Ridge and those being con- 


ducted elsewhere 
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Control of wastes is based on prevention 
of additional artificial exposure to radi- 
ation that is beyond the level of that pro- 
duced by naturally occurring radioiso- 
topes. The exposure to radiation is not 
new; it has always been a part of life. 
The difference is one of degree. Radio- 
activity in the Clinch River below Oak 
Ridge is limited to 10°? microcurie per 
milliliter. Due to the lack of knowledge 
about some aspects of the subject this 
value includes a safety factor of the order 
of 100. 

The variety and magnitude of the ma- 
terials dealt with adds to the problem of 
their control. The ‘indestructibility” of 
radioactive material needs to be consid- 
ered. It will not grow or propagate itself 
like coliform organisms, but neither ean it 
be destroyed as they can, by chlorination. 
As neither destruction nor neutralization 
can be used for control, there are only two 
alternatives for its disposal—concentra- 
tion and storage, or dilution and dispersal. 
Natural decay (from a few days to thou- 
sands of years) can then reduce the radio- 
activity. In the event of dispersion of 
radioactive material, consideration must 
be given to the possibility of subsequent 
reconcentration in muds, algae, vegeta- 
tion, and animal life. Fortunately, a 
large portion of the radioisotopes dealt 
with do not fall into the classifications 
that have an extremely long half-life. 

Research on the waste disposal problem 
is highly emphasized and may generally 
be divided into fundamental research, to 
obtain detailed knowledge of the behavior 
of radioactive materials in air, water, soil, 
plants, animals, and man, and develop- 
ment of methods of preventing radioactive 
materials from producing damage to man, 
animals, or plants. 

All of the Atomic Energy Commission 
installations are engaged in pertinent re- 
search, either on waste disposal or on 
environmental effects, or both. For ex- 
ample, at Los Alamos, N. Mex., in co- 
operation with the U. S. Public Health 
Service, the removal of plutonium by 
activated sludge systems has been studied 
and other means of removal, using essenti- 
ally a sanitary engineering approach, are 
being investigated. 

The AEC subsidizes a number of other 
research projects, which should furnish 
valuable information to those connected 
with water and sewage facilities. New 
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York University is studying waste dis- 
posal in sewers; Johns Hopkins is investi- 
gating the adsorption and assimilation of 
radioactive materials by bacterial slimes; 
and Massachusetts Institute of Tech- 
nology is doing research on radioactive 
waste removal by water treatment proc- 
esses. 

The Health Physics Division program 
of research on waste disposal at the Oak 
Ridge National Laboratory is a coopera- 
tive project with the U. 8. Public Health 
Service, the Tennessee Valley Authority, 
and the Oak Ridge office of the AEC. 


Ropert P. Lowe 


Pennsylvania’s Clean-Streams Program. 
By Howarp Ek. Moses. Jour. Amer. 
Water Wks. Assn., 42, p. 146 (Feb., 
1950). 

The superior use of streams for public 
water supplies is considered in this paper. 
However, animal and aquatic life, indus- 
trial water supply, and recreation are also 
important justifications of the clean- 
streams program in Pennsylvania. The 
importance of water supply is evident when 
it is realized that the majority of the large 
public water supplies in this state are 
secured from surface streams. 

The two main types of pollution are 
sewage and industrial wastes. Any meas- 
ures taken to decrease the sewage pollution 
load will also reduce the hazards existing 
wherever water is taken from a sewage- 
contaminated stream. In a highly in- 
dustrialized state such as Pennsylvania, 
the industrial waste problem is large both 
in volume and variety, and the importance 
of these wastes and the difficulty of solving 
some of their treatment problems has been 
comparatively recently realized. 

The Pennsylvania program has been 
based on a careful appraisal of the streams 
in the state. The policy for stream pollu- 
tion control requires all sewage to be 
treated ‘“‘at least to a primary degree,” 
with such additional treatment as might 
be required in individual localities; an 
equivalent degree of treatment is required 
of industrial wastes. Subsequently, the 
Sanitary Water Board began the issuance 
of notices to municipalities and the pollut- 
ing industries, requiring the preparation 
and submission of plans for treatment 
works. To aid this feature of the program, 
the Health Department was empowered 
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SEWAGE AND 
make grants-in-aid to munici- 
it to exceed 50 per cent of the 
| ation Up to the 
has been distributed 
treat- 


prepa 
present $750,712.41 


ind recently actual construction of 


ment worl has been ordered in the 
Delaware River basin 

To date great progress has been made in 
certain areas All of the collieries at the 
headwaters of the Schuylkill River have 
installed plants for silt removal. Phil: 
delphi is a $60,000,000 program for the 
collection and treatment of its sewage well 
unde ‘ Standards of waste quality 
have een lor ted through the coopers- 


tion of some types of industry and others 
Research 


Me llon 


1} 
liege 


of doing so 
way at the 


State ( 


programs are under 


Institute and Pennsylvania 


Special studies have already been made on 
two stre 3 In summarizing, it is felt 


come more stream 
us and that accomplish- 
obtained give a favorable 
ultimate success of this 


Rosnerr P. Lows 


The Optimum Incubation Temperature for 
the Primary Isolation of Coliform Or- 


ganisms. By Joanna R. Bontece anp 


W. L. MALuMANN. Jour. Amer. Water 

Wks { n 42. p 155 Feb 1950 

This interesting paper describes in 
vestigations to determine whether the 
optimu temperature for the growth o 


rganisms in their normal habita 
37° is also the 


ntation temperature 


optimum growth and 
ifter these or- 


water for some 


ms have existed in 
time at temperatures normally muc! 
ntestinal 


exist for extended periods in 


lowe 
tha 
water at 


Organisnis 


te erature sually much lower than 
eivably might become so 
idapted to those lower temperatures that 
af reiatively idden return to the tempera- 
ture of the normal environment could 
seriously 1 r their ability to survive 
and { 

Phe t Vil indertaken t 
e il ti erature 
the } iti ( In organ 
j te i hie st phase of t 
study vt curve determina 
tions at 32 ind 39°¢ tor re 
sentative the ri 
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organisms used were Escherichia coli, 
aerogenes and Intermediate I. 
} 


The second phase of the study pertained 


Ae robacté r 


to the actual isolation of colifort 


1 organ- 


ms Irom samples of 


various tvpes of con- 
taminated water for the above tempera- 
tures and for each of the above organisms 
alone or in various combinations 


This work into the fol- 


lowing conclusions 


resolved itself 


1. The normal optimum growth temper- 
iture for 


the 37° to 39°C. range 


coli and Aer aerogenes 


Is In 
> The normal! opt m growth te a 
norma: optimum growth temper 


I is approximately 


ature for /ntermediate 
35°( 
3. The 


perature for the 


nost favorable incubation tem- 
primary isolation of coli- 
forms from water 1s 35°C 

Incubation 


isolation is also superior to 387°C 


at 32°C. for primary 
although 
longer incubation period is necessary at 
32°C, than at 35°C 
P. Lowe 
Experimental Heated Sludge Digestion. 
By Joun Fincn. Water and San. Eng., 


2 54 June 1950) 


The experiments were designed to ex- 
plore the possibilities of digesting sludges 
in heated closed tanks the 
difficulties encountered in the existing but 
ilities at the Rotherham, 
The sewage contains 


amounts of trade wastes. 


because of 


inadequate Tac 
England, 


con siderable 


plant 


The 1,000-gal. experimental digester was 
heated with an internal hot-water coil. 
The tank contents were ke pt between SO 
ind and ¢i 


every hour for 5 min. Sludge 


reulated by a pump 
was fed in 
i ratio of 6 parts of excess ac tivated sludge 
to 1 part of 
was started by adding 
that 
the rate of | 


primary lye. Digestion 
experiments 
tank could be loaded at 


S cu. ft. digester capacity per 


1 


showed the 


capita and produce a digested sludge of 2.8 


per cent solids, of which 63 per cent were 
volatile 
lb. of organic 


The gas vield was 8.8 ecu. ft. per 
solids, with 73 per cent 


Load- 


in this slowed up the diges- 


methane and a B.t.u. value of 650. 


ings higher tl 


tion with a drop in gas yield. It was con- 


cluded that the detention pe riod should be 


for heated one-stage digestion. 
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Separation of Oil Refinery Waste Waters. 
By Roy F. Weston. Ind. Eng. Chem., 
42, 4, 607 (Apr., 1950). 

This paper discusses the problems of oil 
removal from oil refinery waste waters. 
The problems are those of separation, col- 
lection, and reconditioning of oil for re- 
charging to refinery processes, and treat- 
ment of waste water for satisfactory 
disposal. 

The efficiency of the gravity differential 
separator must be based on the relative 
amounts of that portion of the oil amenable 
to this type of separation, as oil may 
be nonseparable because emulsified, ete. 
An analytical procedure to determine 
susceptibility to separation has been 
devised. The “susceptibility-to-separa- 
tion” (S.T.S.) number is equal to the oil 
concentration, expressed in p.p.m., present 
in the central layer of a settled sample. 
Typical “‘susceptibility-to-separation”’ 
data for various separators are presented. 

Study of a large number of well-de- 
signed separators might indicate an aver- 
age effective diameter of oil droplet that 
would provide a practical basis for design. 
A droplet diameter of 0.02 em. is the 
present size suggested by the American 
Petroleum Institute for use in separator 
design. 

Separated oil will contain suspended 
solids and water, which may interfere with 
its efficient processing, and it is necessary 
to treat such oil prior to recycling in the 
refinery process. Typical data on oil 
treatment are given. 

Typical data are presented on an auto- 
matic backwash filter for polishing the 
effluent from a separator. Return of back- 
wash water to the separator influent has 
only a minor influence on the effluent 
quality. 

Probably the most satisfactory process 
for removing constituents causing B.O.D., 
taste, and toxicity is biological treatment. 
Typical data are presented from the 
operation of duplicate single-stage 6-in. 
diameter, 6-ft. deep trickling filters operat- 
ing at a 15-m.g.a.d. rate and followed by 
2-hr. sedimentation. No nutrient ma- 
terials are added and the efficiencies are 
comparable to those obtained from sewage 
treatment filters (of the order of 80 to 85 
per cent under normal conditions). 
B.O.D. loading is in the neighborhood of 
2,500 lb. per acre-ft. Oil removal effici- 
encies approximated those for B.O.D. 


REVIEWS AND ABSTRACTS 1385 


Indications to date are that oil concentra- 
tions as high as 100 p.p.m. have no retard- 
ing effects on B.O.D. removal. A signifi- 
cant portion of the oil feed to the filter is 
not oxidized and is recovered in the final 
tank sludge. 

Oil removal is becoming more difficult 
as new processes conducive to emulsion 
and nonseparable suspension formation 
are installed at refineries. Refinery waste 
disposal operating and cost data are 
presented 

Paut D. Haney 


Treatment of Compressed Yeast Wastes. 
By Wittem Rupours anp EvGenr H. 
Trupnick. Ind. and Eng. Chem., 42, 
4, 612 (Apr., 1950). 

Wastes from compressed yeast manu- 
facturing contain dissolved organic sub- 
stances. At one plant spent nutrient con- 
stitutes 15 per cent of the total volume of 
waste. This waste has a B.O.D. of 2,000 
to 15,000 p.p.m. and accounts for 70 per 
cent of the pollution load from the plant. 
Combined wastes from the plant have 
been treated for more than 5 yr. by a 
combination of anaerobic digestion and 
trickling filters. The plant consists of 
equalization tanks, digesters, trickling 
filters, and appropriate settling tanks. 
B.O.D. reductions of as high as 95 per cent 
and 75 per cent were obtained with the 
digesters and trickling filters, respectively. 

The ripe sludge used as seed for the 
digesters has remained alive during the 
5 yr. of plant operation. The most signifi- 
cant factor influencing digester perform- 
ance is the load applied daily to the 
digesters, the B.O.D. removal being a 
function of the number of pounds applied. 
Peak digester efficiency occurs at a B.O.D. 
loading of 0.1 lb. per ecu. ft. 

The B.O.D. removal by the trickling 
filters is also a function of the applied 
B.O.D. load. Recirculation at a 1:1 ratio 
does not appear to improve plant perform- 
ance. Loadings in excess of 8 lb. of 
B.O.D. per cubic yard per day were applied 
before any great decrease in filter efficien Vv 
was noted. Over the loading range of 0.2 
to 8.0 lb. B.O.D. per cu. yd. per day the 
filter efficiency varied from 5S to 40 per 
cent. B.O.D. reductions of 75 per cent 
were obtained at 0.1-lb. loadings. Dilu- 
tion of the filter influent with constant 
B.O.D. loading improves filter perform- 
ance. Dilution was accomplished with 
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Optimum B.O.D. removal 
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occurs when the filter influent pH is about 
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Chemical Treatment of White Water. [by 


Ind. and Eng. Chem.., 
1950 


mills discharge wastes 


wate) 


fillers W hich are 


Clarification of 


chemical 


ore 


treatment and 


recirculation a 


than 95 per 


sis obtained by tr 


activated silica 


per 1.000 gal 1s 


with alum a 
dosage of 2.0 |! 
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re used, 
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effective 


Sedimentation may be 
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air, but 


this can be overcome by the installation of 


ecire ula- 


‘he value 


vered fibers helps defray operat- 
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Cotton Finishing Waste 
By Grorce G 


, 42, 


1, 


9 (Apr., 


n. Ind, 
1950). 


This paper describes pilot-plant experi- 


ments on 


it 


} 


ici 


waters 


ved 


and 


dyeing 


domestic 


wastes from caustic and 


erceriz 


peroxide 
ing, et 


sewage were 


The average con 


iposition 


the wastes during pilot-plant operation 
as: B.O.D 


280 p.p.m.; pH 10 


5: settle- 


0.5 per cent; turbidity, 200 


consisted ol 


to wh 


“a rec- 
ich Was 


an existing settling 


was 


ble solids 

p.l oxygen consumed, 340 p.p.m. 
The pilot plant 

ingular trickling filter, 

ppled effluent from 

Phe trickling filter 


followed 


October, 1950 
by a secondary settling basin. The pilot- 
plant filter carried daily B.O.D. loads as 
high as 30 lb. per cu. ft. and operated at a 
rate of nearly 10 m.g.a.d Filter B.O.D. 
removal efficiency reached a maximum of 
about 60 per cent. All caustic alkalinity 
was converted to carbonate or bicarbonate 
during passage of the waste through the 
filter. 

Paut D. Haney 


Treatment of Cotton Printing and Finish- 
ing Wastes. By Sruarr EF. Copurn. 
Ind. and Eng. Chem., 42, 4, 621 (Apr., 
1950 
This paper describes pilot-plant studies 

on wastes from a textile mill engaged in 

the printing and finishing of cotton and 
rayon textiles. These studies included 
chemical precipitation and high-rate trick- 
ling filtration. On an annual basis, trick- 
ling filtration was found to be the cheapest 
method 

Wastes on which the tests were run were 

warm, highly colored, turbid, and had a 

pH of over Il. 

ured by the oxygen consumed test, aver- 

The 5-day B.O.D. 

averaged about 100 p.p.m. 


Organic matter, as meas- 
aged about 125 p.p.m. 


Chemical precipitation tests using alum 
Chemical 
precipitation improved the quality of the 
wastes. B.O.D. reduction was about 45 


and clay and alum were run. 


per cent. 

Trickling filter tests indicated that over 
60 per cent of the B.O.D. could be removed 
from sulfuric acid-conditioned wastes by 
treatment on high-rate trickling filters. 
Wastes and recirculated effluent were 
applied at the rate of about 70 m.g.a.d. 
recirculation 4:1). The suspended mat- 
ter in the filter efluent did not settle 
readily. 

D. Haney 
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OF ACCELERATING ~~ 
DIGESTION 
MAKES SENSE ! 


Four No. 500 P.F.T. Digester Heaters and Heat Exchangers 
serve 4 and 6 50° Floating Cover Digesters at Deyton, 
Ohio. L. C. Hofiman, Engineer. 


It has been found that action of the methane heat transfer. Circulation is such thet « 
producing bacteria is less deterred by tem- more uniform temperature is maintained 
peratures above or below the optimum than throughout the sludge mass. 

by fluctuations in temperature. P.F.T. Di- 
gester Heater and Heat Exchanger units 
provide a safe, practical and economical 
means of maintaining sewage sludge under- 
going digestion at an optimum temperature. 


P.F.T. Digester Heaters employ methane gas 
from the digestion tank for fuel. P.F.T. Gas 
Engine Heat Exchangers employ heat from 


sludge gas engine jacket cooling water to 
keep the sludge at optimum temperature. A 
Furthermore, there are no coils of piping in list of installations to date is available on re- 
the digestion tank to become caked with quest to Pacific Flush Tank Co., 4241 Rav- 
sludge and therefore insulated against proper enswood Ave., Chicago 13, Ill. 


DIGESTER HEATER 
ANO HEAT EXCHANGER SLUOGE DIGESTER 


Discharge of Heated | 
culated Digester 

Liquor & Raw Siucge 
Alternate Descharge 


_ Rew Sudge 
from Clarifier 


Thermostatic Control 


Water Back Burning of Actiwe Ogester Contents / 


Oesignated os 


Digested Siudge 
for Or f 


OTHER P.F.T. EQUIPMENT INCLUDES 
Floating Covers, Gas Safety Equipment, Rotary Distributors, Sprinkling Filter Nozzles, Siphons, Pre-Aeretors and Geges 


4241 RAVENSWOOD AVENUE CHICAGO 13, ILLINOIS 
MEV YORK @ LOS ANGELES @ SAN @ CHARLOTTE @ DENVER @ TOROHIO 
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Lithographed on stone by Edward A. Wilson 


“Meet the customers’ needs” has 
been our watchword for more than 
fifty years. Whether it’s pipe seven 
feet, or a few inches, in diameter 


—or a complicated fitting—or a 


special casting—we have the 
equipment and the technical 
skills to meet almost any need for 
cast iron pressure pipe and fit- 
tings. Taking advantage of proc- 
ess developments and utilizing 
scientifie methods to control 


quality, our plants are regularly 


manufacturing products that ade- 
quately meet our customers’ ex- 
acting requirements. United 
States Pipe and Foundry Com- 
pany, General Offices: Burling- 
ton, New Jersey. Plants and 
Sales Offices Throughout U.S.A, 
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Low Cost Sludge Incineration 


Low cost operation of Nichols Multiple Hearth 


Incineration at Minneapolis-St. Paul Sanitary 
District proved over a ten-year period. 
| 
(. The operation costs shown in 
Tons incinerated Total Cost Operction & Maintenonce the table* include all salaries, 
i Dry Solids Wet Cake Per Ton Dry Solids Per Ton Wet Coke* wages, materials, supplies, 
| 1940 37,091 116,000 $1.36 $.436 power, light, water and mis- 
1941 35,993 112,000 1.23 394 cellaneous charges. Also ac- 
1942 33,838 106,000 counted for are all labor costs 
32,955 103,000.39 and meoterials required for 


1944 33,758 105,500 1.27 __ 407 maintenance of the sludge 


1946 33,581 105,000.54 
1 1947 36,633 114,000 1.42 45 Despite steadily increasing 
E 1948 34,549 108,000 1.79 573 hourly rates for labor and in- 
1949 34787. 108500 173 creasing prices of materials 
Average 34,56.13 107,900 $1.43 $.457 and supplies, the attention to 
on overage of 68% moisture in filter coke operation and maintenance 
given by the staff has kept 
When increasing populati qui necessitated additional operating costs per ton ata 
incinerator capacity, the Nichols Multiple Hearth Furnace was low level. 


again selected. This fourth unit will be in operation shortly. 
“Figures token from Annval Reports of Minne- 
apolis-St. Poul Senitary District 1940-1949. 


NICHOLS ENGINEERING & RESEARCH CORPORATION 


70 PINE ST., NEW YORK 5, N.Y. 
405. Les Robles Ave. Pasadena, Calif. © 1477 Sherbrooke St. West, Montreal 25, Canada ; 
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Now auailalde ... 
TWENTY-YEAR INDEX 


SEWAGE WORKS JOURNAL 
1928--1948 


AUTHORS e SUBJECTS « GEOGRAPHICAL 


Here is the key to the great reservoir of fundamental 
knowledge that is stored in the 115 numbers of the 
JOURNAL that record the era of greatest progress in 
water pollution control. Almost 9000 entries are 
compiled and arranged for finger-tip location with 
maximum convenience and economy of time. Covers 
completely the entire content of the first twenty vol 
umes of the JOURNAL. Bound in buckram, 144 


pages 


Price— $4.50 


Order your copy now from 


THE GARRARD PRESS 


119 W. PARK AVE. 
CHAMPAIGN, ILLINOIS 
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AUTOMATIC 
CONTROL 
for | 
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Another advance 
in Industrial 
Waste Disposal! 


SOLIDS 


Proportioning of Treating Chemicals 


Feeding of treating chemicals at rates 
proportionate to flow can now be done 
automatically — with total elimination of 
time-consuming, periodic adjustment of 
feeders and pumps. In addition, the pro- 
portioning of chemicals is far more ac- 
curate, which means a more uniform, 
satisfactory effluent and a definite saving 
in cost of chemicals. 

The instrument control system is prop- 
erly engineered for individual plant con- 
ditions. Its design depends upon the 
quantity, corrosive quality, and viscosity 
of the activated silica, carbon dioxide, 
soda ash, lime, or other chemicals em- 
ployed also upon the amount of 
chemicals to be stored and the type of 
plant operation. 

Virtually any set of conditions can be met 


OX BOR 


REG. Vv. S. PAT. OFF. 


with one or another of the following in- 
strument control methods offered by 
Foxboro: 


1. ratio flow control with pneumatic control 
valves for liquid chemicals or gases. 

2. control of motor operation on dry feeders 
or on proportioning pumps by “pulse-time” 
control. 

3. motor speed control on dry feeders or 
proportioning pumps through electronic con- 
trol of power input. 

One of these methods may bring sub- 
stantial new economies to the operation 
of your waste disposal system. For en- 
gineering briefs on industrial waste sur- 
veys, chemical control systems, and dis- 
posal methods, write The Foxboro Com- 
pany, 162 Neponset Ave., Foxboro, Mass., 
U.S.A. 
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ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 
Censalting Engineers 
SE WAGE AND 
ASTE PROBLEM 
AIRFIEL Ds. REFUSE INC INERATORS 
INDUSTRIAL BUIL 
VALUATIONS 


CITY PLANNING Lt 
REPORTS LABORAT RY 
PHILADELPHIA 7 


WATER, 


Suite 1509-18 
121 S. Broad St. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Purification, 
Sewerage, ewage 
Drainage, Appraisals, 
Power Generation 


Civic Opera Balliding 


Water Worka, 
Flood Relief, 
Disposal, 


Chicago 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and Surveyors 
al En 


Water W 


Sewage Disposal 
Deagn and Operaton—Surreys 
Highway Dengn onatr 
pe Line Surveys 


M 
Systeme 
and Mape 


gineera— Airport Dengn 
res 
lanning 


Surveys 


(uy 
n 
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Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER, NELSON & WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 


Industrial Waste Treatment 
Investigations 


P. 0. Box 67 Crystal Lake, Illinols 


H. & L. D. BETZ 


Consulting Engineers 


W. 


Industrial Waste 
Industrial Water 
Analysi 
Investig 


Gillingham & Worth Sts. 


Design 
Operation 


Philadelphia 24, Pa. 


ations 


CLINTON L. BOGERT ASSOCIATES 
Censalting Engineers 

Curnton L. Boosrt Ivan L. Booeat 

J. M. M. Ropeat A. LIncoun 

Donatp M. Ditmars AgTuce P. ACKERMAN 
Water and Sewage Works 

Refuse Disposal Industrial Wastes 

Dralnage Flood Control 


624 Madison Ave, New York 22, N. Y. 


BLACK 


SEWAGE - WATER 


Reports, Design, S 


4706 Broadway 


Investigations, 


& VEATCH 


Jonsulting Engineers 


ELECTRICITY - INDUSTRY 
upervision of Construction 
Valuation and | 


Kansas City 2, Missouri 


Rates 


BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Sewerage—Sewage Treatment 

3 irification 
An 
tria Pr 
Reporte 


alyaes 
jecta 


ne Designs 


110 William Street New York 7, N. Y. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S$. HILL ASSOCIATES) 
Specializing in Sewerage and Sewage Disposal, 
Water Supply and Water Purification, 
Valuations and Reports 
Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. Y¥. 


Take advantage of the services of these outstanding consultants! 
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BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Water supply. treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 
584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 


Consulting and Designing Engineers 


Kansas City 2, Mo. 
P.O. Box 7088 


Cleveland 14, Ohio 
1404 E. %h St. 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


Boston 8, Mass. 


€ Beacon 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification, Sewerage 
Systems, Sewage and Industrial Waste 
Treatment, Power Development and Ap- 
plications, Investigations and Reporte, 
Valuations and Rates. 


210 E. Park Way at Sandusky, 
Pittsburgh 12, Pa. 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—lridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. Chicago 11, Ill. 


OSCAR CORSON 
Consulting Engineer 
Sewage and Industrial Waste Problems 


Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


Damon & Foster 


Conaulting Civil Engineers and 
Surveyors 


Sewerage, Sewage chepeeal. Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 


Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 


Philadelphia: Fidelity Phila. Trust Bldg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Rallroads Highways 
Grade Separations—Bridges-——Subways 
vocal Traneportation 


Investigations —- Reports — Appraisals 
Plans and Supervision of Construction 
150 North Wacker Drive Chicago 6 
5605 Colorade Bidg. Washington 5 


ECKENFELDER ASSOCIATES, INC. 


Sanitary Chemists 


Sewage and Industrial Waste Surveys, Process 

Research and Development, Water Analysis 

Stream Pollution Investigations, Laboratory 
Analyses and Reports 


45 N. Broad Street 


Ridgewood, N. J. 


NGINEER 

M. W. Horns 

JoHN AYER L. 

ition A. BowMAn L. 

A. Farwett Howaagp J. WitLtiams 
Water Supply and Distribution—Drainage 
Sewerage an¢ Sewage Treatment— Airports 


Investigations and Reports Designs 
Supervision of Construction Valuations 
Boston New York 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


EDWARD A. FULTON 
Censalting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction——Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Pavin 
and Power Developments; Jame an 
Flood Control 


3209 Brows Read Saint Louis 14, Misseeri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Water Works—Sewage 
Industrial Waste & Disposal 
Roads—Alirports—Bridges & 

Flood Control 
Town Planning Appraisals 
Investigations & Reports 
Harrisburg, Pa. New York, N. Y. 
Scranton, Pa. Pitteburgh, Pa. 


GILBERT ASSOCIATES, INC. 


Engineers and Censultante 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 

Investigations and Reports 


New York Washingtes 
Houston ‘“EADING, PA. paiigdeipbia 


IVAN M. GLACE 
Consulting Sanitary Engineer 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and Supervision of 
Operation 


N. Front & Boas Sts. Harrisburg, Penna. 


WILLIAM A. GOFF, INC. 


General Engineering and Consulting Services 
Water, Sewerage, Refuse Incineration 
Industrial Buildings, Power Plants 
Airports, Town Planning 
Plans, Supervision, Valuations, Reports 


Broad St. Station Bidg., Philadeiphia 3, Pa. 


ONLY $60 PER YEAR 
is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


GREELEY & HANSEN 


Engineares 


Samuel A. Greeley Paul Hansen (1920-1944) 
Paul E Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 8. State Street, Chicago 4 


HAVENS AND EMERSON 
Consulting Engineers 


W. L. Havens C. A. Emerson 

A. A. Burger F. C. Tolles F. W. Jones 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations.—Laboratories 


Leader Bidg. Woolworth Bidg. 
Cleveland 14 New York 7 


HAYDEN, HARDING & BUCHANAN 


Consalting Engineers 


Joun L. Jouxn H. Hazprwo 
Oscan J. Campta 


Water Works—Sewerage 
Civil—Mechanical 
Electrical—Structural 


626 Park Square Bullding, Boston, Maas. 


CHARLES HAYDOCK 
Consulting Engineer 
Water Works and Sanitation 
Industrial Wastes 
Design, Construction, Operation and 
Management 
Reports and Valuations 


231 Girard Trust Co. Bidg., Phila. 2, Pa. 


C.W. Durham H.H. Henningson W. A. Richardson 

HENNINGSON ENGINEERING CO. 

Consulting Engineers since 1917 for more than 
600 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage 


Omaha 2, Nebraska 


Standard Oil Bldg. 


HITCHCOCK & ESTABROOK, INC. 
Lester Lee, ASSOCIATE 
Consultants to Municipalities since 1920 
WATER, SEWERAGE, PAVING, POWER 
PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 

241 Sheridan Road 521 Sexton Building 
Menominee, Michigan Minneapolis 15, Minnesota 


Take advantage of the services of 


these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


HORNER & SHIFRIN 
Consalting Engineers 
W. W. S. W. June 
H. E. BE. Bioss 
Vv. C. Liscugs 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 
Shell Bullding, St. Louls Missourt 


INDUSTRIAL WASTES CONSULTANTS 
(A Guggenheim Subsidiary) 
—INVESTIGATIONS AND REPORTS— 

Offices and Laboratories 
2266 No. Menimian, 8, Inpiana 
120 Broapwar, New Yona 5, New You 


Russell B. Moore - A. F. Nelison - Robert Theroux 
(Memberships in ASCE, AWWA, AIMME, CSSWA, ACS) 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 


Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bidg. Toledo 4, Ohio 


KEIS & HOLROYD 
Consulting Engineers 
Formerly Solomon & Keis 

Since 1906 


Water Supply and Purification, Sewer: and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industria) 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial aste Disporal 
Chemical and Biological Laboratory 


604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES, Inc. 
Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bidg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 


Consulting Engineers 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 


Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 


Statler Bullding 111 Sutter St. 
Boston 16 San Francisco ¢ 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 
SEWAGE TREATMENT-—WATER SUPPLY 
INCINERATION—-DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
62 Vanderbilt Ave., New York, N. Y. 


Parsons, Brinckerhoff, Hall & Macdonald 
G. Gale Dinca, 


Dinwn, Associate 


Power. Develepments Industrial Buildings 
51 BROADWAY, NEW YORK 6, N. Y. 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND 


INDUSTRIAL WASTES 


MALCOLM PIRWIE ENGINEERS 
Civil & Sanitary Engineers 
Matcoum Eanser W. Warrioce 


Rossar W. Sawren G. G. Weansa, Ja. 
Ricuargo Haren 


Investigations. Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd St. New York 18, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision 
Construction & Operation 


Analytica! Laboratories 


1 Lee Place Paterson, 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE 
Consulting Engineers 


O. J. Rivets B. V. Hows 
Appraisals— 
Design—Su 


ision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sani and 
Storm Sewers, Sewage Treatment ts, 
Refuse Disposal, Airports 


426 Cooper Bidg. Denver 2, Colorade 


RUSSELL and AXON 


Consulting Engineers 
Geo. 8. Russell 
Joe Williamson, Jr. F. E. Wenger 
Sewerage, Sewage Disposal, Water Sup- 
ply, Water Purification, Power Planta, 
Appraisals, Rate Investigations, Reports, 
Plans, Specifications 
408 Olive St. 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SMITH and GILLESPIE 
Consulting Engineers 


All types of 
Municipal Public Works & 
Utilities 
Complete Services 


P. ©. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power-—Alirports 


Hershey Bullding 
Muscatine, Ia. 


Your firm should be 
listed here 
. the most complete Directory 
available of consultants specializing in 


sewage and industrial wastes treat- 
ment. 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Supply —Sewerage—Waste Disposal 
Mechanical Structural 
Surveys Reports 


209 8. High &t. 


Appraisals 
Columbus 15, Ohio 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply, Water Purification, 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
boratory 
14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In 
dustrial Development Problems, Water Supply 
Water Purification, 
Investigations 


Water Front Improvements 
Reports, Designs 


Valuations 


Supervision 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


Take 


advantage of the services of these outstanding consultants! 
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SEWAGE PLANT EXPANSION 
WITHOUT BOND ISSUE/ 


SEWAGE AND INDUSTRIAL WASTES 


SNOW GATES 


for 
SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in either 
square or circular openings in sizes up to and in- 
cluding 72 inches. 


ALL SNOW GATES and Lifts are ‘‘Parkerized" 


for protection against rust and corrosion. 
Over 40 years continuous service to the industry. 


We will be pleased to quote on any type of water | 
controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street Los Angeles 54, Calif. 


It's easy and economical to convert most overloaded sewage plants 
to the BlIO-CHEMICAL PROCESS. Increase the capacity of existing 
activated sludge plants as much as 100% . . . small conversion costs 
can be paid for out of operating savings. 

Get the most... the best . . . for the smallest possible amount 
of the taxpayer’s money with the BIO-CHEMICAL PROCESS. 

Write for further information. 


the to-Chemitcal Process 


2266 North Meridian 120 Broadway 
Indianapolis 8, Indiana New York 5, New York 
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32 SEWAGE AND INDUSTRIAL WASTES 
PROOF 
OF Ane You Interested 
“STERELATOR EFFICIENCY” 
in 
| Sewage and Industrial ’ 
| Waste Treatment? 


If so, affiliate with 


THE FEDERATION OF 
Actual Usere_THE BEST PROOF OF ALL SEWAGE WORKS ASSOCIATIONS 


ur clalme that Everson SverElators are 
D Pk NDABLE—SAFE EFFIC IENT 
Rasy to operate at LOW MAINTENANCE COST ia 
Everson SterElatorse METER-MIX-FEED 
Chlorine gas accurately for all Water 
or Sewage Sterilizing demands 


Furnished for Manual or Automatic operation For Particulars, Write 
Everson SterElators utilize a high Vacuum 
The indieating FLOW METERS have a 10 to | ratio 


FEDERATION OF 
St ler SEWAGE WORKS ASSOCIATIONS 
325 ILLINOIS BUILDING 
EVERSON MANUFACTURING CORPORATION 


207 West Huron Street, Chicago 10, illinois CHAMPAIGN, ILL. 


Please... 


Copies of the following back numbers are badly needed: 


1932—January, May 1935— March, May, July 
1933— May, July 1941— May 
1934— January 1944— January, March, May 
Fifty cents plus postage will be paid for 
copies in good condition. 
FEDERATION OF SEWAGE 
325 Illinois Bldg. 


WORKS ASSNS. 
Champaign, II. 
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MANUFACTURERS OF 


DIESEL ENGINES, GAS & DUAL FUEL ENGINES 
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SEWAGE AND INDUSTRIAL WASTES 


Big) CARTER’S PNEUMATIC SEWAGE EJECTOR 


for conuneet, trouble-free, economical handling 


of sewage lift problems 


For day-in-and-day-out 100°, sewage boosting you 
can’t afford not to consider Carter’s pneumatic sewage 
ejectors. They practically pay for themselves by elim- 
ination of the costly auxiliary screening equipment re- 
quired with centrifugal pumps. 


a a and trash up to the size of the inlet and discharge valves are easily 
. No moving parts—no clogging or binding. Pots are either co) 
1 electrically-welded steel or cast iron —tc your specifications. Hee. 
= sealed—completely eliminate stuffing box leaks and toxic gas 
dangers. Bronse mounted double disc gates and swing check valves. Rotary 
type air compressors of hugh volumetric efficiency ully automatic controls. 
Capacities—30 to 300 GPM. 


Write S—give your specific waste problems, 
promplly furmsh a detailed reply. 


ROTARY DISTRIBUTORS « FLOATING & FIXED COVER 
DIGESTERS « ALTERNATING SIPHONS e PADDLE AERA- 
TORS e« SLUDGE PUMPS « RAPID & SLOW MIXERS « 
PNEUMATIC EJECTORS « CIRCULAR COLLECTORS ¢ 
FLOCCULATION EQUIPMENT + DIAPHRAGM PUM 

SELF-PRIMING CENTRIFUGAL PUMPS «+ PLUNGER PR s: 
SURE PUMPS 


Exclusive franchises for representatives still open in 
some select territories. Write today! 


184 Atlantic Street, Hackensack, N. J. 


RALPH B.CARTER CO. 


Don’t delay in ordering your copy of 


TWENTY-YEAR INDEX 
SEWAGE WORKS JOURNAL—1928-1948 


THE GARRARD PRESS CHAMPAIGN, ILL. 


Price — $4.50 


BRISTOL 


WHICH OF THESE BULLETINS DO YOU WANT—FOR LATEST 
FACTS ON RECORDING AND CONTROL INSTRUMENTS? 


A. Pressure? Bulletin 1835 describes Bristol Send coupon for bulletins you wish. 
Recording Gauges, Series 500, for measuring 
steam, water or gas pressure, from full vacuum 7 
to 10,000 psi. THE BRISTOL COMPANY ! 


134 Bristol Rood 
Waterbury 20, Conn. 
Please send bulletins circled. 


A 8 c o 


8B. Temperature? Bulletin 1835 describes 
Bristol Recording Thermometers, Series 500, 
for measuring digester and dryer temperatures. 
Many new features. 

+ Liquid Level? Bulletin L700 describes 
Bristol Liquid Level Recorders. Pressure, float 


Nome 
and bubbler types. 
D. pH? Bulletin pH1302 describes Bristol pH ce 
Controllers for treatment of sewage and in- Add 
dustrial wastes. 
City. Stote 


a complete line for sewage works ies. 
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INDEX TO ADVERTISERS 
U. Pipe and Foundry Company. 
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DIRECTORY OF ENGINZERS, pp. 25-30 


Albright & Priel, Inc: Havens and Emerson 

Alvord, Burdick & Howson Hayden, Harding & 
Beker, Jr, 1 Haydock, Charles 
Banter, Nelson & Woodman Henningscn Engineering Co. 


Retz, W. 

Bleck & Veatch 

Bogert, Adtociates 
Bowe, Alberton & Amociates 
Suck, Seifert and Jost 

Borgess & Niple 

Burns & McDonaell 

Camp, Dresser asd MiKee 
Capite! Engiveering Corporation. 


De Leuw, Cather & Company 
Pay, Spotlord & Thotedike 


Hitchetck & Estabrook, Tuo. 
Horner & Shifrin 
Tndus‘rial Weste Consultants 


Hal & 


Whitman, Requardt & Asodhates 


PATRONIZE OUR support makes 


lication of this 
AND INDUSTHIAL WASTES. 


ake 
i 
4] 
| 
ak 
Loxier, Wm. S., Company 
Cheater Engineers, The 1 
Consoer, Townsend & Assoctates Mardonald 
4 3 Fleming & Carpenter, Inc. Engineering Company 
} Glace, Ivan M, Weston & Sampson 
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